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CHAPTER I 



THE PROBLEM 



The purpose of this chapter is to (1) explain 
the objective of the study, (2) state the problem, both in 
general terms and more specifically in a null hypothesis, 
(3) establish a need for the study, (4) state the purpose 
of the study, and (5) to define the terms used throughout 
the study# 

V * 

Objective 

This study was concerned with analyzing t he 
effects of a controlled thermal environment on pupil learn- 
ing. 

• The research was specifically designed to deter- 
mine if pupils attending school in a controlled model ther- 
mal environment attained statistically significant greater 
learning than did pupils attending school in a controlled 
non-model thermal environment. This study was designed in 
such a way as to ensure that other factors affecting pupil 
learning would be controlled# In this manner, it was pos- 
sible to definitely determine the educational benefits 
achieved by a controlled model thermal environment. 



2 



I 



Statement of Problem 

The professional literature abounds with state* 
TTients about the educational value of thermal controlled 
environment in the classroom, A very positive statement 
concerning the value of a thermal environment was made bv 
Frye: "In fact, educators have known for several decades 

1 

there is a close correlation between comfort and learning." 
A strong case was made for school air conditioning by Kark 
Hampton, architect, from Tampa, Florida. Hampton states, 
"The whole reason for air conditioning is that the child in 
the classroom will be better able to concentrate, and the 
teachers will be better able to teach. 

However, the National Council on Schooihouse Con- 
struction in their IS 6 5 Guide for Planning School Plants 
did not make as conclusive a statement concerning the value 
of a controlled thermal environment: 

Research has not established a definite 
relationship between learning and various 
thermal conditions, but many authorities imply 



4 - 



R. A. Frye, "See I' ore - Hear More - Learn More in Window- 
less Rooms," Education Screen and Audio-Visual Guide, 
hO , 274-7. “ 

Henry Wright, "Architects Consensus: Air Conditioning, Yes, 
Windowless School "No," Nation Schools, 74:62-3, 

October 1964. 
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that one exists. ^ 

* 

The problem examined in this study was to compare 
students * learning achievement in a controlled model thermal 
environment with students * learning achievement in a con- 
trolled non-model thermal environment. For the sake of 
clarity the controlled model thermal classroom has been 
referred to as the ideal thermal environment; the controll- 
ed non— model thermal classroom is termed the deviate ther- 
mal environment. 

lo be more specific* the following hypothesis was 
tested in this study: 

H; There is no difference in pupil learning in a 
controlled ideal thermal environment and in a controlled 
deviate thermal environment. 




Meed For the Study 



Education is now of national concern. National 
legislation of the past few years can be used tD point out 
the nations growing concern for providing better education- 
al opportunities in this country. This nation, through 

various programs, is attempting to improve the education of 
its citizens. 






National Council on Schoolhouse Construction. 
Planning School Plants , AASA, 19fc5, p. 112. 
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One way to improve the present education program 
is by increasing the learning efficiency of all students. 

It seems clear that if a method of increasing students* 
learning efficiency can be found, it would be to this 
country* s interests. 

It is the purpose of this study to statistically 
measure whether children learn more efficiently in an en- 
vironment that is considered ideal, than in a deviate en- 
vironment. It was believed that this study, the third in 
a series of such studies conducted at the State University 
of Iowa, would permit generalizations about the learning of 
pupils in an ideal thermal environment as opposed to learn- 
ing in a deviate environment. 

This country has the industrial knowledge to con- 
struct classrooms with controllable thermal environments.. 
Each year more and more school buildings are constructed 
with a controllable thermal environment. As far back as 
1961 the following statement appeared in the October issue 
of Overview: "Almost three new educational buildings are 

being completed every day with full or partial air- 
conditioning • 



, "Air Conditioning and the 

Overview, 2:50-3, October 1961. 



Learning Environment , ** 
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Not all school buildings presently being con- 
structed include provisions for a controlled thermal 
environment. Obstacles remain in the way before a con- 
trolled thermal environment will be provided in every newly 
constructed school building: 

Two major obstacles still seem to stand 
in the way of the un:-versal provision of school 
air-conditioning. First, neither all educators 
nor all architects have fully accepted the 
availability and financial practicality of 
systems controlling high temperature and 
humidity. Second, boards of education, 
trustees, and lay citizens are still not fully 
aware that air-conditioning brings actual in- 
creases in building use and educational effect- 
iveness . 5 

It was not the purpose of this study to research the cost 
of providing a controlled thermal classroom environment. 
However, since cost is one of the major obstacles retarding 
the providing of a controlled classroom thermal environ- 
ment, it is examined briefly. 

The experience of the Omaha Public Schools' in con- 
structing air-conditioned classrooms is reported in Table I. 

Manning wrote: "In answer to the original cuery 

regarding feasibility of school air conditioning, the team 
concluded: air conditioning can be installed in schools 

for little additional cost over heating alone, providing the 
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Ibid. 
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school is designed for it. 1 * 

Therefore, it does appear that some evidence has 
been compiled to overcome the cost obstacle of .providing a 
controlled classroom thermal environment. However, very 
limited research evidence has been collected to overcome 
the second obstacle. 



Purpose of the Study 

Does providing an ideal controlled thermal en- 
vironment in the classroom increase students' achievement? 

It is felt this research collected evidence which will help 
to answer that question. 

The Textile Industry reported: 

The textile people found that when you 
create good temperature and lighting con- 
ditions, and control humidity in textile 
mills, not only do people perform better 
and produce more, they also produce a higher 
quality of product . 1 

Studies involving control and experimental groups 
with varied thermal environments, with the exception of 
University of Iowa studies, do not exist. Other areas of the 
public sector have studied the benefits of having their 



William R. Manning and Lionel R. Olsen, "Air Condition- 
ing: Keystone of Optimal Thermal Environment,” American 
School Board Journal^ 149:22-23, August 1964. 



j Nation' School t 74:62-3,' o cit . 
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employees work in a controlled thermal environment : 



In 1957, however, a five-month study cor.-* 
ducted by the Office of Buildings Management, 
General Services Administration, indicated 
workers in air conditioned spaces have a 9.5 
percent greater output than do workers in 
similar spaces without air conditioning. The 
study also revealed that there is a 2.5 percent 
less absenteeism among workers in air condition- 
ed spaces. 3 



It was the purpose of this study to find out if 
similar greater output might occur among students if they 



were educated in a controlled ideal thermal classroom 
environment. Output was defined as stucent achievement. 



% 



Definition of term; 



A controlled ideal thermal environment is, for 
purposes here, an environment considered as ideal by ther- 
mal authorities. The environment that was considered as 
ideal will be described in detail in Chapter III. 

A controlled deviate thermal environment is an 
environment considered non-optimum by thermal authorities. 

Student learning was defined as achievement in 
teacher-made tests* 



8 



, “Thermal Comfort and Efficiency,” Overview, 3:23, 



August 1962 
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CHAPTER II 



REVIEW OF RESEARCH AND LITERATURE 

The purpose of this chapter is to extensively 
review the research ana literature concerning the effect 
of a controlled ideal thermal environment on students* 
achievement. First an analogy is given of a controlled 
thermal environment and air conditioning. This is follow- 
ed by a review of the research and literature in both edu- 
cation and engineering relative to the effects of an ideal 
thermal environment on achievement. The effect of en- 
vironment on health is examined briefly. Next a look is 
given to some historical comments on the effect of a proper 
thermal classroom environment. A report of thermal con- 
ditions necessary before the installation of a mechanical 
cooling unit in school buildings is then examined. This 
is followed by a summary of the findings of the previous 
University of Iowa studies and the Pinellas County, Florida 
experiment. The chapter is concluded with a summary of 
various authors statements of needed research relative to 
measuring the effect of an ideal thermal environment on 
students* achievement. 
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Thermal Envircr^ent and Air Conditioning 

This paper will use the term thermal environment 
when referring to all thermal conditions that would affect 
students* comfort. A preponderance of writers used the 
more popular term air conditioning to mean the same thing: 

That is air conditioning? The American 
Association of heating. Refrigeration and Air 
Engineers defines it as "the --.recess of treat- 
ing air so as to control simultaneously its 
temperature, humidity, cleanliness and dis- 
tribution to ;r.c.et the requirements of the 
conditioned space."- 

Although it may be true that many people associated 
the phrase air conditioning with the cooling of air, air 
conditioning is mere than the cooling of air* Because of 
the wide acceptance of the idea of air conditioning most 
writers used the term rather than controlled thermal envir- 
onment. However, the writers in the field used the defini- 
tion of the American Association of Heating, Refrigeration 
ana Air Engineers, rather than the more limited definition - 
cooling of air* 



V<*D. Foutz, "Comfortable Climatic Conditions in School 
’Buildings,” National Council on School Construction, 
Proceedings of the Thirty-ninth Annual" Meeting, Denver, 
Colorado, October 1962, pp. 66-70. 
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Iducatior. Literature 



Many authors in the professional educational 
field state that a controlled ideal environment will im- 
prove learning. Examples of these writings follow: 

Teachers have remarked: People laugh and 

say that the air conditioned school is for the 
benefit of teachers, but we say it is for the 
benefit of education. Children used to be hot, 
tired, and soaked in perspiration; now they are 
alert and attentive all day. 2 

The school plant under consideration has 
been in. usage throughout all four seasons. 
Teachers* comments indicated that their effect- 
iveness and comfort increased as well as stu- 
dent learning. Some evidence exists to indierte 
that absenteeism was reduced , both student* s 
and teacher : s, cue o to lowered transmission of 
germs and disease. w 

But air conditioning *s real value is in 
terms of educational productivity, the impor- 
tant - albeit hard to measure - goal. 4 

Although we have not yet collected a body 
of evidence to prove it, we know that young 
people lear.» better when environmental conditions 
are right for them. Air conditioning may be con- 
sidered as one of the components. ^ 



Harold C. Brantley, "United High School, Laredo, Texas,” 
American School Board Journal , 148:65-68, June 1964. 

o 

Manning, on. cit . , pp. 22-23. 

4 

, Overvie w, op . cit . , October 1961, pp. 50-53. 

5 

John Lyon Reed, "Architects Consensus: Air Conditioning: 

Yes, Windowless School: No,” Nation Schools, 74:62-3, 
October. 1964. 

♦ 
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From the above quotations one can readily observe 
that the authors of these articles implied that an ideal 
thermal environment does improve students* learning. How- 
ever, none of the articles contained research data to sub- 
stantiate their implications. These implications were not 
limited to those writing in periodicals. Mincy in his dis- 
sertation stated as one of his assumptions, "the thermal 
environment of a school is one of the environmental factors 
which affects, to a certain extent, the teacher- learning 

g 

process.” Mincy die not attempt to measure the effect of 
the environment on learning. 

The 1SS2-63, 3nth edition of the American School 
and University container two articles that implied that a 
positive relationship exists between the thermal environment 
of a classroom and learning. Both Lawrence Slote and Maurice 
J. Wilson in their articles in the 34th edition of this 
publication wrote about this relationship. 

Slote explained: 

i 

The application of air conditioning is an 
obvious and important aspect of human comfort 
in school and college buildings. Air condition- 
ing is mainly concerned with the correction of 



H.F. Mincy, "A Study of Factors Involvea in Establishing 
A Satisfactory Thermal Environment in the Classroom," 
Unpublished Doctorial Dissertation, University of Tennes- 
see, Knoxville, 1961, p. 3. 
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abnormal atmospheres and the consequent pro- 
motion of comfort, health anc efficiency. 

Slote, after advising the maintenance of a proper 
classroom thermal conditions for comfort, health, and ef- 
ficiency, quoted Charles D. Gibson of California: 

Charles D. Gibson, Chief of the Bureau of 
School Planning, California State department of 
Education has stated, "Tnerm .1 comfort is not a 
luxury. It is a physical and mental requirement 
for effective use of a classroom. Schoolroom 
discomfort means inattention, restlessness, poor 
behavior habits and a minimum of ability to main- 
tain attention to any mental task. ,,iJ 

Wilson in his article stated that air condition- 
ing was being purchased because it provides better learning 
conditions : 

Air conditioning of educational buildings 
at the elementary, secondary and college levels 
is proceeding at a pace educators, architects 
and taxpayers woulc have thought preposterous 
five years ago* Basically, air conditioning is 
being purchased because it provides better 
teacher-learning conditions . d 

Wilson continued by citing both the number of 

schools air conditioned in 1S6C and the reasons why they 
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Laurence Slote, "Achieving Thermal Comfort in Educational 
Building." American School and University , 1952-63, 3nth 
edition, p.TIT 

xbid. , p. Cl. 

Maurice J. Wilson, "Trends in Air Conditioning for Schools 
and Colleges," American School and University, 1962-63, 
34th edition, p. CT57 
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were built with a controllable thermal environment: 

The 1950 / meric a n School cine University 
Construction Census release showed that uTcT” 
schools and college buildings completed in 
1960 were partially or completely air con- 
ditioned. 

Investigation into the reasons for air 
conditioning any one school will uncover three 
or four motivations. Improvement of learning 
and teaching efficiency and effective use of 
the educational plant for a longer portion of 
the year are perhaps the strongest reasons. 10 

Archibald 3. Shaw while editor of Overview, in 

an editorial wrote: 

Y * _ • * • • • ( . _ 

-.earni ng is tre activity an ar. educational 
plant; education is the product. The plant 
exists to promote learning * Viter. this* becomes 
clear, we car. easily visualise the difference 
it makes when c* sweaty student, struggling with 
sticky papers, is transformed into a cool and 
comfortable person at work in an environment 
that supports rather than detracts from his 
learning.- 1 

In a different issue of Overview , another article 
discussed the relationship between an ideal thermal en- 
vironment and efficiency, noting that research in the area 
was limited. "The article stated, in part: 

• Thermal Hunan Comfort is one factor in 
student efficiency. Though research in the 
area is limited, empirical observation bears 



10 

11 



Ibid., p« C6. 

Archibald B. Shaw, "Lag in Air Conditioning", Overview, 
December 1962. 
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out this statement* We know-, for instance, 
that schoolroom discomfort breeds inattention, 

. restlessness, and poor behavior and results 
in a lessening of mental retention. -2 

Superintendent of Schools, Edwin Estell was quoted 

in School Management as follows: 

To my way of thinking no one really knows 
what all the advantages of air conditioning are. 
The possibilities that exist in an air condition- 
ed school are just beginning to be opened u?. x ^ 

Superintendent Estell has several air conditioned 

schools in his school district. Mr Estell is the District 

Superintendent of the Metropolitan School District of 

Lawrence Township, Indianapolis, Indiana. 

0 Those writing about the effect of a controlled 

thermal environment on learning were not limited to the 
field of education. Henry Wright, former editor of Archi- 
tectual Record quoted a statement by Architect John Lyon 
Reed: "We know that young people learn better when environ- 

mental conditions are right for them." 14 



, "Thermal Comfort and Efficiency," Overviews 

August 1964, p. 25. 

13 

, "How to Take Advantage of Air Conditioning," 
School Management , July 1962, p. 92. 

14 

Henry Wright, "Air-Conditioning, Architecture, and Edu- 
cation," Architectual Record, August 1964, p. 145-150. 
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A recent development in the building of new 
education facilities has been the "underground” school. 

When a schoolhouse is constructed entirely underground it 
is necessary to completely control the environment of 
that building. Obviously such buildings have been the topic 
of much discussion and evaluation: 

In a recent survey, my recorded notes 
show that such schools (underground with a con- 
trolled thermal environment) had more places to 
display things, we re dust free, had fewer dis- 
turbances, were thermally comfortable, were 
visually balanced, were less fatiguing, induced 
more stimulating learning, and were less expen- 
sive to operate and maintain. Teachers report- 
ed the children were learning more than they 
ever did under conventional class disturbances. ^ 

The article failed to state upon what basis the 

teachers reported the children were "learning more than they 

ever did" under conventional class disturbances. Perhaps 

the teachers expressed this opinion because the pupils* 

behavior was better* In fact, Dillard reported this as one 

« 

of the advantages of such a school. "Student behavior was 
better in the windowless wing (which was air conditioned) 



Georg.e J. Collings, "Evaluation of Windowless Class- 
rooms," National Council on S choo lhouse Construction* 
Proceedings of the thirty-eighth Annual Meeting , "" 
Atlanta, Georgia, October 1961, p. 59. 



# 

o 

me 



17 




than in the conventional wing.” Appearing in the same 
article, the entire justification for the windowless (which 
must be air conditioned) school was improvement in work 
output • 

We all know - and this is the entire justifi- 
cation of the windowless school - that people 
do their best work when free from body stress 
and physical discomfort. 17 

Other authors have written about other advantages 



of air conditioning: 



Superintendent Taylor recalls: During summer 

school we almost had to chase the students out- 
doors. They (the students) know that they are 
going to school in comfort and they take a lot 

* of Dride in it. la 
* 

JlcQuace wrote a book Schoolhouse , in which he 

told of some of the problems involved in air conditioning: 

Ventilation needs are closely tied to 
acoustical needs, generally contradicting. Fre- 
quently you want to close a building up ior\ 
acoustics, but open it up for circulation . ^ 

hcQuade stated that the teacher* s comfort as well 
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as the student’s comfort was vital for the optimum learning. 

If the environmental conditions are not. 
optimum, they (children) do something about it. 
Pity the teacher in a hot or cold classroom 
The class may pcssmize (sic) her. Comfort - their 
comfort and hers - is not a luxury, but a 
physical and mental requirement , ™ 

Manning and Olsen wrote that the teachers in an 

idea-l thermal environment believe they are better teachers 

in such a classroom: 

Teachers’ replies indicated that their 
effectiveness and comfort increase as well as 
student learning. Some evidence exists to 
indicate that absenteeism was reduced, both 
student’s and teacher’s, due to lowered trans- 
mission of germs and disease. 

t 

Perhaps a thermal environment will increase 
students’ achievement simply because students’ attendance 
at summer schools will increase. Reported Brantley: 

Attendance is already better than last 
year, and enrollment has increased by twenty- 
five percent. The retention (better daily 
attendance) rate is also expected to be higher. 22 

One of the country’s foremost educational con- 
sultants said, ’’All college buildings should be air con- 



20 Ibid*. P* 

21 

Manning and Olsen, od. cit . , p. 23. 

22 

Harold C. Brantley, ’’United High School, Laredo, Texas,” 
American School Board Journal , June 1964, p. 66. 
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23 

ditioned for year-round use.” 

Although many writing in educational publications 
implied that an ideal thermal environment would improve 
student achievement, they failed to identify research to 
substantiate their implications* 

In recent years nearly all newly constructed com- 
mercial buildings have been equipped with controllable 
thermal environments. Why has this happened? 

Xar.y business firms actually figure they 
save money by investing in air conditioning 
equipment — their employees do better work 
if they are comfortable. In the same way, 
efficiency in learning may be the pay-off 
for cooling schools 

Engineering Literature 

Why have so many ir. the private sector of the 
economy air conditioned their factories? By seeking to find 
the answer to this question it was necessary to examine the 
literature of those who designed these factories; 

Engelhardt, Er.gelhardt and Leggett, "Educational Spec- 
ifications for hew College Facilities," A Study of 
Bulter County Community College, Bulter County, Kansas. 

KcQuade, on. cit. , p. 186. 
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Cliff Cornell, Plant Engineer of Industrial 
Nucleonics, Columbus, Ohio, said: "Air Con- 

ditioning has proved to be so beneficial to us 
that we would not consider building a new plant 
without it." 2 5 

Eugene A. Sloane has done considerable research 
regarding the value of air conditioning in a factory: 

We found foremen, production supervisors 
and personnel directors* raving, about* the benefits 
We found foremen sayir.r things like: I know 

production in ny cep^rtuent went up 25 per cent 
after cooling, and that T s conservative. 

In case after case, we heard work managers 
say: I con't know’ how we ever got along without 

air conditioning in the plant . . but I do know 
that we*c have to shut down now if it were shut 
off. 

With a -.0 year life, a payout period of 5.2 
years results. The approximate rate on return 
of investment in air conditioning is 16 per cent. 

hr • August h. Bos no v Vice President of 
Wa uch Co. , cuCKcor* neignts, *>ew York, was 
r.osc emphatic about the need for year -around 
temperature and humidity control/ "We’d go out 
of business tomorrow without air conditioning."^ 

Sloane then listed sixteen reasons why a factory 

should be air conditioned: 



Eugene A. Sloane, "Why It Pays to Air Condition Factory 
Production Areas - Part II, "Air Engineering, February 
1963, p. 35. 

Eugene A. Sloane, ’"..’hy It Pays to Air Condition Factory 
Production Areas — Part I,” Air Engineering, January 
1963, pp. 22-44. 6 
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L is of interest to note tna t at least ten of 
these reasons could so a oasis for provicinp a controlled 
thermal environment ir. the classroom. 

Hospitals as well as ractorics are beinp air 
conditioned: 



27 



Ibid., p. 26. 



» 

o 

ERIC 

hmaffBHaaaa 



22 



: 



o 

ERIC 



. roc 

1 li JL 



ioror. to: 
extra co^‘: c 
citior.inr , both lr.it 
well be re raid cut o 



*» • s •• • • « • 

4 . ~ J V V 

• V' • ■ ■ r* 

- w • • . v« • . 






— ~ - 4 - ^ 

U • • * % v. L • » V ■ 

-°r : c -lo 

• ^ f* S' r -% * ? » M . 4 - O 

• 4 4 ^* » C • *-> L» C «. • <l t • • » ... *. •. «. v* »- C « ** # 



<• • . *,• . — • % 
^ 4 fc f * W w 4 i 



Several authors uritin 
ing r.a gazir.es have ivctcr.ptcc to be a ctrcn 
conditioning school buiic.ir.*s. 



ir. vroiesr.’. cr.dl engineer- 



V. ) • 









% * V * M V.* 



In ir.cuctr' 
centre?. led the:*. 

r; a. * ^ "! : - 

V— • w w w % J m. i 1 l . 1 < v 

* « • • i • 

suer, trim 
vociferous . 



. . 
•N'*, I 



• c “ — 

^ W v • * * w 

“ * , ' v-* -r • i n 

• w • • '« *• • W • « V* • • 



-» ^ — — 
— . . . i w 



C. . 



cr sc .so 

# • « t *\^* ■* - " * t ^ •* . . - * , , 

' ■ ** * W . • • * ' •• • ^ • . *, 

tn .r 1 ^ \ • • /* •■ ^** ■ • - 4 * — ^ ^ v - -T 

-*-c- «*. C- 4 . wi - c • -.«,.. 4 . O or. v . ...»^« c*. 

the efficiency nr., i*.. * .^ct: venetr. •: 
al process, a nc 



ir.o c.tc-r. 



w . U .. . . v, C* 



- «** 1 * f 

* « • * V - X 



1 * * <5 .*'■'•}■< o ^ -| a 

w ^ _ X m • » C ■ V. •.< V ^ • « • < • 



» I ^ o c » 



') 1 



' - *; • ^ . *r i ^ r.. 

• v V-. v» v^c. (• « ** 

.OCJ.W C(.r. dg 



cer endec c\v- *u 
Dr. Giori wrote that n .’.r cc: ditior.i:v i: :-rrv. : ;; 



both the students* 
efficiency: 



-earn, in cone?. 



- r* 



c 



r* 

• wS 



c.n. <v\s.>rv -*.v* : r 
:.t Lv.r c • " :: ‘ •.. » '-, 



■ » ' i' 



• « » 

‘ *-% — 



Paso rch 
establish;:-. t- 
anc re ta iron 
students n~v ; : 

1 * i-* U . . v.. .« w.wOm • » > V « . . , M JE 

undivioec attention to thefy clans.-; .ri, thus, 
increase tr '-■ * ^ ~ *>• 



'• • s . 



**,'**• t • f ~\ 



. ^ . .y W« 
• r» ’ 



t:* cr.. 



, . i 



« vo 



U c _ . ..c • 



28 



ur 



hospital i- ir Condi tior.ir/' 
• \ 



““ 'T * N 



Survey Shows fi" 



z.r. ' mccrir.'- , J ul'» 



/or Its cl; , 



y. •' V j • 



29 



Pobert C. Pin- , M T::errcl /.nv: rrj..cnt for fchcoln ** 

’ * - - ^ ^ . • * . . - * 

f t i p r ~ r ■» - ■ • / ' 

v-'t • • Va I Wi V. • • u. • • ^ ... 



neatm- , P:>-ir. 

rcu-iim 



c.v.c • ir 



' i. 1 u v 0 



•on. 



30 



U 1 Mb 

• v«* V. 



Dr. Marcello ( icr i, Vir Ccr.ci.tion Vr.clor- rcur; 
in£S for Use as L'chcoi or Shelter- ..an , Pi-.*n 
and Air Condltior.inn . June 1263, pn .~ZTC-TSl. 




Foxhall ir. the rcr.5tcctu.il "eccrt, ir.vsc-J- 
the matter or students' learning in a controlled ideal 
thermal environment: 



1 I^i C 2TT..C i ^ CCr.iOrt 2.S 1.0 U cl “ v, # Xu X w 




rs 

J V* »A. t «, t. V* V. . V ^ 



foxhall, cixthou.-h ir. c.r. ir.c.ircct 
t.o a iacx ox research evidence shov?in* t v e .* r. ~ y y,c d 1 c ~ — 
ln 2 of youngsters attendin' therm*. 1 cent*, oil c.r. c.: nsnrccr.s: 

^ ♦'••ary teachers are “*c luctant to ~ t . . c e r>c 

SxxCCt C- <1 good elassrocr. environ*, cat or. i**- 

^-~.e graces aemovee b ,; student-:: because 
of the difficulty of comprise* t;ith --hose ir. 
non-air conci tiering schools. 02 

roxhall cic point out that due to lack of researe; 
concerning the effect of an ideal thermal environment cr. 
learning, air conditioning was being c-valuatea by nor.- 

scientific methods: 

. Cr> * Johnson (Superintendent of Schools) 
pointed out trat the evaluation of air con- 
ditioning as a factor in school environment 
must be measured by the judgment cf the teachers 
the staff, the counselors, and the administrators. 
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William B. Foxhall, "Mr Conditionin'* for Schools n 
Architectual Pecord , July 1961, pp. 183-184. 1 

Ibid., p. 184. 
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These judgments are based on many years of 
experience and. seem, valid although not 
statistically conclusive: 

1. Attendance at the Eunice Smith School 
(which is air conditioned) is ”a 
little better” than in the rest of 
the school system during warm months. 

2. Achievement at the Eunice Smith School 
compares favorably with that in the 

of the school district. 



*3 



Some factual conclusions are: 

1. The teachers are happier. 

2. Students and teachers co a better job 
in warm months. ^ 



Writing in the Architectuaj Record Harold 3. Gores 
approached the need for controlling the thermal environment 



of the classrooms in terms of (1) national Defense, (2) key 
facilities of depressed areas , and (3) the increased pro- 



ductivity of the students: 

Nowadays people have come to re rare the 
schooihouse as the new arsenal of national 
defense where the maximum possession of decency 
and knowledge by each and every pupil is its 
chief weapon in trade. If this be* the case, 
then how the schooihouse performs - how it 
encourages and speeds learning - takes prece- 
dence over how indestructible it is and* 
whether it will live out its cays in janitorial 
ease • 



The key facility for neighbor renewal in ' 
depressed areas is the schooihouse, owned by 
everybody and serving everybody; the young by 
day, six days a week, and In the evening and 
on Saturdays, persons of all ages will gather 
at the school for educational, recreational or 
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civic purpose* Because this facility will be 

working 4,000 hours year, comfort of the 

cccuoants is as necessary to productive use 

as it is in any industrial or* commercial 

orooertv. 

^ 

Controlling the environment of the new 
school - or the old one for that matter - makes 
just as much sense for the school board as it 
does for any other corporate body concerned 
with the productivity of the occurints.''* 4 

Ceres concludec the article with a statement of 

why controlling the thermal environment of the classroom 



was necessary: 




If learning is to be maximum, the ycunr 
scholar needs to re protected from tr.e enervat- 
ing; and distracting discomforts of ar.. environ- 
ment left to harsh and fickle nature. 

v:ith the exception of the University of Iowa 
studies, cniy one study in which the effect of a controller 
ideal thermal environment on students* achievement v:as re- 
ported* This study was not a tightly controlled research 
study; however its results were of interest: 



Another area of the study dealt with 
achievement of the students during two full 
academic years and two summer sessions. Pro 
and post tests were given for the various 
sessions and a comparison of the means of the 
scores were then expressed in mean gains. 7h 



34 



uarolc B. Gores, ** me Case ror Control iment of hnviren* 
ment," The Architectual Record * July 1961* p. 163. 

jEsad • > p • 



o 

ERIC 



35 



163 



comparisons included grade level, the different 
schools, and results of the many subtests of the 
pre and post test batteries* There were IS 3 dif- 
ferent comparisons over the two year sessions and 
those of air conditioned schools hac greater m.ear. 
gains in 133 comparisons. Ir. none of the separate 
comparisons were there gains that the researchers 



~ - ” 

felt were statistically significant, yet in many 
incidences the trends were ir. favor of the elite 
controlled school • 



te 



The matter of students* discipline wt.s also given 
a cursory examination in this particular study: 

The research team, did feel that through ob- 
servations there wure more discipline infractions 
in the non-climate controlled school but that it 
was more of a minor nature, such as disturbance 
and restlessness .37 



The hinds and numbers of students illnesses were 



auso stuciec: 

The actual difference in number and types 
of illnesses within the different schools were 
very slight. Therefore, there v?ere r.o clear 
relationships obtained between the health of 
students arid the climate of the school - yet 
this is not to say that there were not inter- 
esting trends in the data that reinforced ether 
findings about climate controlled schools. ^ 

There are those who believe, even though research 

is lacking, that providing an ideal thermal environment in 



36 


1 


11 To 


Compact is to 


Air Condition,** 


Air Conditioning 




neatin? 


i and Ventilating, 


April 1954, pp. 


F6-69 . 


37 


Ibid., 


♦u 1 

• 


66-63. 






38 


Ibid. , 


pp. 


66-69. 







27 



schools cc increase stuu-jr.t achievement. Some architects 
have sole hoards of education on the value of air* condition- 
ing school build-in. ;u hy the increase ir students 1 learning 
such buildings would provide: 

On coal ir.-'. v;ith school beards, hr. hart’s tern 
said, " \e didn’t rake any headway at all until we 
started talkin'- to thei:. about what i-.ir condition- 
inf* would co to the learning trocess . J 

however, all school hearts approving air condition- 
ing in their school buildings die not t*cate such a building 
will improve students’ act: eve .^r.t . Cr.e of the largest air 
conditioned school buildings ever built in hew York City 
contained 310,000 sr.ua r\. ik.et at n cost of '37,500,000. The 
reasons given for air conditioning this school building did 
not include increased student learning: 

They (Cchool loarc and Superintendent) 
reasoned that it right be corse ccually prevalent 
in school that a school built today without air 
conditioning cr nroper preparation for it may 
beccr..e obsolete long before it had served its 
expected useful life of 5‘C years or more. 

Additional arguments for complete air con- 
ditioning v'ere the trend toward increased use of 
schools during the summer months for special 
and makeup classes and the possibility of a 12 
month curriculum eventually becoming cuite 

i ’ 
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School districts Thai have school buildings 
with an ideal thermal environment have continued building 
them : 

Ibis school (fully air conditioned) has 
prompted our office to take a careful look at 
air conditioning. V/e believe it will be the 
rule rather than the exception in the next 
few years. 1 * 1 

Health and the School environment 



Since this study was primarily concerned with the 
effect of an ideal thermal environment on students, it was 
necessary to exunir.u the effect of a thermal environment on 
student health. It is generally accepted that the child 
who is unable to attend scr.ool regularly whether due to 
illness or other causes usually does not achieve well in 
school. A remark attributed to a survey team as they studied 
approximately 160,000 elementary Texas school children was: 
"If you want to keep your child healthy, don f t send him to 



lewis Smith, "Whv ar.c How a New High School is Being 
Fully Air Conditioned," Heating, Piping and Air Condition- 
ing, December 1962, p. 33. ' 

i "School v.’ith Heat Pump, Fixed Glass," Architectural 

record, July 1961, p. 172. 
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school." 
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Thermal environment does have an effect on the 



health of individuals . T.C. Holy stated: "From the health 

angle, the incidence of respiratory disease is assumed to 
be related to the kinds of ventilation." 1 *^ 

Daugherty wrote directly about the issue of ther- 
mal environment and health: 

brer, air ; s dry. roistire ev_r.cr..tv.s more 
readily fret, tho skin c, produces* a feeling of 
chilliness ever, uith t.u. ten '^nture at 71 
degrees or .sore. Dr* air s _ a o re:., vac moisture 
~ - o..; t . i 0 • Sv.. _ »%..„» rti. w c...va tne cau.mg 

that tight, irr tec fee ..ir. : that is so ur.ee:.;- 
i or tan.— . Itchy skin, is also a :ru u>_r.t result 

O f C'^\r z- i r> /.;••• /v-r* -» * * - ~ n 

electricity "chcc/css" multiply in cry air. 

2ea.c. v iV6 w' r ... c. jl. i lc. _ . .e a c. t so to 4 «j 

percent alleviates all of these problems and 
gives most sec pic a fooling of comfort and well 
being at a temperature of 71 degrees. 

he search studies on Fneur.oc coccus type I. 
t. . e 4 # ei..i w..aw ^cImScs .;£u>.a.. M u otcitnyieccoccus 
c.liuw end S „re^ wococcu., no<<.Oa.y ulcus '.~rou*v u oy 
tnc departments cf medicine arc biochemistry at 
the University of Chicago showed that relative 
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as school administrators and boards well know. 
They also know, if there is a way to a chic /e 
acceptable classroom comfort the installation 
of any equipment that falls short of that goal 
is the poorest kind of dollar economy in first 
cost and in the cost of operation and mainten- 
ance. 1 ^ 



Historical Concern for 



ocr.colrcom Air 



Controlling the thermal environment of a school 
building has been a rather recent development; hov/ever, 
concern over the thermal environment of the classroom is 



not. As early as 1832, William A. Alcott wrote an essay 



on the need for proper ventilation: 



Holes or windows should be made in 
of every schoolhouse, that the impure a 
sanetiir.es be suffered to escape in that 



the roof 
r mav 

direction 



At the present I will only add, that after 
every precaution in regard to ventilation, which 
human wisdom can devise, every pupil should be 
required, and, if necessary, compelled to go 
out into the open air, at least once in an hour. 
Probably once in half an hour is not too often. ** ® 

Mr. Alcott also reported failure to provide 



proper ventilation in classrooms as the great cause for 



5 Edward V. Dostal, "Providing for the Thermal Environ- 
ment," American School Board Journal, January 1962, 
pp. 34-^7 “ 

William A. Alcott, "Essay on the Construction of School 
houses," Hilliard, Gray, Little and Milkens, Boston, 
1963, pp. 14-15. 
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teachers leaving the profession: 

In looking hack upon the languor of fifty 
years of labor, as a teacher, reiterated with, 
many a weary day, I attribute a great proportion 
of it to mephitic air; nor can I doubt that it 
has compelled many worthy and promising teac hers 
to quit the employment . Neither can Idoubt, 
that it has been the great cause of their sub- 
sequent sickly habits, and untimely disease. 47 

In the essay, Kr. Alcott expressed the feeling 
that it is inexcusable to make a child live in a poor class- 
room thermal environment: 

How preposterous and inexcusable would 
every one regard it, to give them (school children) 
their food constantly mingled with poison, or 
their drink with pernicious and loathsome insects. 
Yet it is not less inexcusable to furnish them 
with half corrupted air, or that which contains 
poisonous gasses! The food is given but three 
times a day; v.’hile the air is administered every 
moment. The child is at liberty to receive or 
reject food; but he is forced to breathe the 
air in which we place him. 48 

T. C. Holy took the following statement from the 
journal of Samuel Lewis, Ohio's first State Superintendent 
of Common Schools: 

The grounds on which the (school) house is 
built should be high, dry, removed from marshes, 
and stagnant water, not too near much traveled 
highways, yet having convenient access to it 
from every direction. 



47 



Ibid . , p. 40. 
Ibid . , p . 
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In towns and cities a lot should be select- 
ed, perhaps in the outskirts of the plat, cer- 
tainly an open air situation, affording unob- 
structed light and air on all sides. This is 
much more necessary than is commonly supposed. 

If the house is dark, and ill ventilated, the 
children may be expected to be dull, and care- 
less, and disorderly, and probably unhealthy. 1 * 9 

The above statement was written in the year 1338. 
During the years that followed a great deal of attention 
was given to providing the proper ventilation in the class- 
room: 



In the surge of school building that follow- 
ed World War I much progress was mace in improv- 
ing thermal conditions in the classrooms. By 
1929 the unit ventilator was The accepted 
standard. 50 

However, when the great depression ceTTled over 
this country, schoolhouses were no longer constructed with 
unit ventilators. Unit ventilators were considered too 
"costly” to install in schoolhouses constructed during The 
depression* 

Unit ventilators began to reappear in school- 
houses constructed following World War II* Beginning with 
the sixties, a few school buildings were air conditioned; 



Holy,' on.' c it . , pp* 19-20* 

W. D. Foutz, "Comfortable Climatic Conditions in School 
Buildings", National Council on School Construction, 
Procedings of the - Thirty-ninth Annual" Heeting, Denver, 
Colorado, October 1962. 
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most school buildings being built without complete thermal 
environment control had provisions for adapting the build- 
ing to air conditioninr should the need arise. 

There appears to be a definite trend in 
educational building, toward providing more 
desirable environment air conditions whenever 
possible. This trend is growing out of a con- 
viction on the nart of educators that an atmos- 
pheric environment attuned to the student* s 
needs pays indirect dividends in the form of 
better student-teacher relations, greater 
student satisfaction and comfort, and increased 
student efficiency in learning. 51 

Heating the schoolhouse is not the main problem 
in providing the ideal thermal environment in the class- 
rooms . 



Authorities are now in agreement that 
heating is no longer the central problem. Vent- 
ilation and cooling are the prime considerations 
in maintaining an optimal thermal environment. 5 2 



Mechanical Units Necessary 

This section of the chapter presents the thermal 
conditions that are desirable to be maintained in a class- 
room. In the previous section it was stated that heating 
is no longer the central problem in providing the ideal 
thermal environment: 



51 



Slote, 0£. cit . , p. Cl. 



Manning and Olsen, 0 £. cit . , pp. 



22 - 23 . 
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It anno a;-.: to :.e that the nroblcr. cf what 
the cc:S'“.r. criteria \»5il he based around should 
bo answered. do orter. as a cults, v/e listen to 
a teacher’s or n~ inoi-'dl’s remarks and are 
affected meetly ;.y statements that v?e derive from 
their conversations vzhon actually our design 
criteria should he based entirely on the children. 
T think that ve could answer the question by this 
statement : ’’The child should not be distracted 

by the condition surrounding him.”"' 3 

The 19-35 edition of mo Tat: or a I Ccv.no il on School 

housn Construct-: on contain: : infer;: action that s yelled out 

an ic eel schocl.iouGo t: ervrui environment and the recessitv 

for such an environment . 



- 1 • 

*» , 



V. c 



>\T “■ ^ 



acre than a thermometer 
that senses the ter.ner-.iture of its cnvirorjr.ent 
and reacts to it. Chc.r.qes in temperature, air 
rlovz. or himisity calls for ad;, us it:, ernes in 
elaborate bcuy temperature v/ith amazrir.f accuracy. 



ho f. :> researchers arree on exact combin- 
ation of rad: ant temperature, air ternerature, 
relative hum: city , and air movement that con- 
stitutes the* o; tirr.un. The general optimum ran mas 
suggested arc: balanced mean radiant temperatures 

approximate air temperatures rang inn from." 62° to 



74° F. , relative 
50 per cent; and 
feet oer minute. 



humidity between 4C per cent 
air movement cf 20 to 40 cubi 



and 

c 



__ The tendency to make errors increases as the 
effect cf the warmer surroundings put a greater 
str-.ss on human adjustment. 



Marvin R. />. Johnson, 
Schooling buildings , ” 



” Planning Thermal Comfort in 
ivitionnl Council on Schcolhouse 



Construction , Proceedings or tne t hlfty-nin th~"Annua 1 
Meeting, Kansas City, Missouri, October 195S, pp. 27-30. 
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An cptfru. t'.< 

^ **“c t y ' »"*. *. • 1 

V^I u Vt V k V i • \* O C* • V-^ V * V» ^ ' 

object of £ "ccc. t: 



. . * i « • « . 

^ condition at wr. ich nest 
contest cf Tic: cr.c'” is the 



i *• -^ * / ** v*»/\ y« *t« 

m V* « • * »L X v' • fc> • i w 4 



Ontir ur. them* :1 conditions for ctuGents will 
varv according tc. their c.p.c, sex , level of 
physical activity, health, ‘ clothing density, and 
acantation to local cli .ante. 



ature 



. that eve rare room. 
• roe:, air temper- 
ed lie for an 

mi nr ef- 

c laser got: ; :’ a is recorr.- 
u .... ■ ta.ruruturc of 71° v . he main- 

-- n —| • A v- ^ J - s\ ~ p ; •*•*. * vv^ f T- VP TV1 C? 

4 , a. 4 1 U, > « . > 4 . W A • M* • ■ A * » •> A . W V >— » I • « • / L* V 4 L Am V.A V (-4 V W X Cl t J <4-* 

• • \ • 

-- v « .4, /• ■*.-* -4 — • . » *A\ « /> - 4-4 v% V. * /— r* • » ^ 1 1 .“■* 3 *• — ~ , "V r. 



:m; 




Crf:Xv.’0 . 



. .■•■.ex' rr 



hinge ir. average surface ter.p- 



• ieh influence comfort but which are 



. .kj u id'*- v _ . ^ ^ 



«•» -">' v nv-v 



Cl WITi' 



.. .o 



nroductior. or 



removal of heat includes oners , cunt, dirt, ar.G 
other atmospheric contaminants such as sr.oke, 
enhause fames a r.c the like* These on vir oriental 
and related factors should he controlled to the 
highest cnter.t possible in orc:er to provide 
satisfying thermal conditions. 



air motion within occupied snace will, at 
the sittirr* level, nr o vice a.ir velocities rang- 
inr. fro:.. 10 to 50 rid The air should be in- 
troduced into the cccuoied space in such manner 
that pockets of stagnant air are nonexistent. 
There should not be hot or cold air movements on 
cccunants which cause discomfort. 



All air suppliec to occupied space should be 
passed through cleans hie or replaceable air filters 
to reduce the air-borne dust. 
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The relative humidity of a 
not be permittee to go below 2 5 
60 percent. 



schoolroom should 
percent nor above 



Sudden fluctutions of heating or 
room air temperatures cue to equipment 
and off should not be more than ±"-1° 1 
preferably less* 



cooling in 
going on 
• , and 



Room air temperature should 
+ 1° F. , vertically or horizor.ta 
foot level and to within one too 
walls. 5*+ 



not vary more than 
lly up to the five 
t of exterior 



If heating is no 



longer the central problem in 



providing the ideal thermal environment in the classroom, 
at what temperature is it necessary to cool the class- 
room air? 



When outside air is above 5C degrees class- 
rooms are sure to be uncomfortable : even in 
northern cities in moceratc weather classroom 
Temperatures rise out of control .55 

A study was conducted to discover when sc ho cl - 

house cooling was necessary: 

According to a study by John J. Nesbitt, 
Inc * , year round air conditioning systems are 
justified in schools only if there is to be 
extensive use of classrooms at outside temper- 
atures above 60° F., auditoriums at outside 
temperatures above 53° F. , and offices at out- 



54 

National Council on Schooihouse Construction, on. c->t.. 
pp. 113 -jXoT — 

55 

Manning and Olsen, op. cit. , pp. 22-23. 
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side temper'd wur<oo o — 

Foutz reoortec. Tr.e Unites states government .‘.us 
set standards or* when its ouncmgs ...as- ^ ecu. omened. 
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it is interesting 

Government handles air cenaitionm-; trrcur;. 
the General Services 
Whenever the Design hr f active 
above 80 ° 1 . , buildings nous: a ; ; averment 
employees ms t prove cc a j.r cc..c — — pi-—ng > wne u 0 .er 
re.* woe fj w* i c t v.'Vv#> >. ... -u. 






.cure is 



ov?nec or- 
Research 



, o ; 

• U. 1 W * 



^ ^ r i* * ■' *■% 

« • O ‘ 
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on tne 



Dcrcsn'tSpC Ox oluiiurv/^iio c»re — - - v..»e.« oi* cS—Ci. 



tenxneratures rises abov~ - J° 1\ ror various cams or cne 



United States. Foutz con win use: 

ViS went to on at s d Std -a ... . — t< v»rcs 

Cn C xir..cl wC JL G; ^ 3 G < uio. wu cu f.C wvx ...... *c w 

corvcci^o c<r xn.0 rio iii/S wf*u v/..*w ciirc — * - ugs 

when the outcocr temperature is above CC° F. We 



. V U*iVo v>Vj 



^ w- ,-s. , . •, V^i t •• ^ I- ~ ^ - r-> 

VJ. • 0 Vc« / U — A* — Vo* «-* 



. _r. _cs 



'.age _e c rrecnan—Cwii - ■c. x r _ . e ra ._ i o. . — — r.cCucu o o +> o— 
the hours. Ir. other words v hardly _ cr; gees by 
when mechanical refrir oration is not require a if 
*vrc : -r conditions an the c^ass reerr. are to se r.'.aar.- 
Ir. Washington, D.C„ mechanical rorriger- 



wCh«.uu « 

• * 
c* oi G* . u. w 

C*“jC — 33 — 



* O. *C Xi* . • XM« * 1 iv2 * 

y \ r 0 S 3 



C*Co C* *V *T O Vo/ •— L* • ^ w «*••• «Vw» • 

up ir* cold north country - nearly 15 a or 
the school vear is icc-s -e 

r\ a or . . -% r . •wrv * p '^r -r r> i _ 

1 * O «»«C> V>4 * U%. A •*• V#V* ow JL Sp* — •* •*■ v V* **■ • ® 
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T-T ~ v-> v%\ r r \ •” \t 

l.CU - V j* u* ' -> 



Mcchanical-hlcctrical F.cui t.icnt 'handbook 
School 3u: Ic irFo ~, John Wiley cine Sens, Inc., hevTVork,' 
i 960 7 ~?. 21 G* 

Foutz, o:. cit . , p> 69 . 
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of the school year. In "a:;-;. -.om. : 

S3». ir. JaciC3onvil_e , rioriou, 11. of c '<? 
r-oorA hours are above CG° ar.c are cv.ma.tcc •'.-'I" 
variably if the ciassrccr.o co r.ot r.^vo ::.o -1 
refrigeration. In Chicago, 32-s o-" r.--- : 0 -- 

r.ours are aocve 5C°. In St. hou- - ' , , -.• 




cation the entire school year.^ 3 
One 0 - me nation’s largest manufacturer of h-.at' 
ing and air conditioning equipment reported in its liter- 
ature that students will profit greatly from an ideal ther- 
nai environment : 

Students ex ' 02 rier.ee rcu:h‘v :• 2t *. 

^■ A * -earning ab__ rty tor e v e ry cleg pee the rccir. 
temperature rises above the optimum . Thus, tor 
EJ&xi-.'iuiii —taming elriciency v it is essential 
that adequate^ cooling as well ac hearing be 
o vided m the classroom throughout the voar* 

• *.-*** conditioning also Improves attendance 

in cne spring and fall months. . v *any absentee- 
isms results from rhe discomfort associated 
with overheating. 59 

As m Ouher previous statements tolling of the 
gains to be realized through an ideal thermal environment, 
no reference was gi' en upon which the figures were based. 

Slope summarized rhe problem of staring the cri- 
teria for selecting the proper mechanical units that are 
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59 



Ibid . $ p . 69. 
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__>.The Changing Partem of Education c^d •’•a c~ _ 
triourtion orXS^n32ric5Tn5T JoZZrTTTfeifr^—- 
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necessary to maintain the ideal thermal environment: 

i 

It is impossible to set optimum air con- 
dition standards for CLJLu. sl uUc tlCHS ZQ,Cix\lZ Ci TTi C 
determinants which make up the standards or so- 
called comfort zone, are quite subjective, 
determinants vary with are, s«x, boev build, 
clothing, activity , attitudes, anc the adaptability 
characteristics of the individual. 



^ • 4 w w 



University of Iowa 

T ii i - — - r 




An. extensive review of the literature revealed 
only one source of V7ritten research that was comparable to 
this study. This one study was concucted in joint co- 
operation by staff members of Educational Psychology and 
Educational Administration at the State University of Iowa, 
Lennox Industries Inc., and the Saydel, lews School Dis- 
trict • 



Peccolo t s Study 

Dr. Charles Peccolo was the researcher for this 
study. The study involved 44 matched pairs of fourth grade 
students and were divided into four groups. Each group was 
in the study for three weeks . Two groups were taught in 
the model environment and two groups in the regular (called 
marginal) classroom environment. Students in the model 



Slote., on. clr . , 
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classroom were referred to as the experimental group. The 
measuring tasks for his study consisted of a repeated series 
of ten paper and pencil tasks. The study was conducted from 
March 19, 1962 to Kay 1, 1562. The results of the stuGy were 

On the whole, the ^experiment showed large 
improvement on the part of every child taking 
part in 10 tyoco of work. In every task, how- 
ever, the experimental group which occupied the 
room with model thermal conditions, improved 
more than the control group. The results of the 
study were: 

1. The significantly higher gains mace by 
pupils in the experimental group in- 
dicated that the prescribed ideal ther- 
mal classroom, environment was superior 
to the regular thermal environment for 
all reasoning anc some clerical tasks. 

2. The superiority of the experimental group 
on the r.ew concepts task was not signif- 
icant and may have been a chance ciifer- 
er.ee. 

3. The interaction between trials ar.c levels 
arid treatments indicated the prescribed 
ideal thermal classroom environment 
favored the experimental group in all the 
tasks, although the experimental effect 
varied in some tasks from level to level. 6 



KcCarclo’s 






ucv 



A second study was conducted by Robert KcCardle; 
however, the findings of this study have not been written 
as of this time. This experiment was conducted from 



t 



Charles Pee col 
Learning , The 
ministration , 



o. The Effects of Thermal 
Iowa~C‘enter rorTfesearcn 
Iowa City, 1962, p. 29. 
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October 15, 1552, through December 14, 1952 . In this in- 
vestigation the learning experiment was concuctod with 
sixth rrade punils in a r.oael and a regular (called marpir.d) 
thermal environment. Some proyranr.cd learnir.r materials were 
used to insure o quality of instruction. 

As stated above the cc.v.dcto results of this rtu^" 



are not yet in research form. Some c: t 



no -results of 



>:cCardle*s study are available. These were announced at a 



thermal environment conference ir. Chicago. 



/.s a result of 



this conference the ioilcwinp. statements were written, author 
not listed, in the April 1554, issue of the An-. eri ca n .School 
Board Journal : 



/ v 



m.ocei room s tuner. tc :errcmeci sieniitcant- 
_v better t;.er. th.es e in the marginal roor. for tests 
administered in the r.crnir.'-. hut ir. the afternoon, 
the maryinul-room results rare a little b. otter 
tr an the /.ocn.l room results, the researchers 
also re nor tec that the hdh- b:\lity learner:;: ir. 
the nary inal room die sc r.cu*h.;v hotter than the 
hid -ability in the model rc^r, hut the low-arrlity 
learner r. in the model roc (.h. better td.n their 
counterparts in the r.iar innh root. 

In tre vocabulary tests, the monel -cro ;.a- 
cco.ts did hotter than those in the nary 5 r.ui re or: . 

In consider!;.; t*:e number of errors, r.ede ir. -:h: 
pro;:ra:.i, the ...ary inal rocn v:es much hi: her ir. 



number o: errors macc , with the model room turn- 
ins to *-o through the proyrur. mah: r..<- fewer 



V. -.1-* 

v^. . . V. k . • • 



There were far more errors in the nary in: _ 
room, in the morniny ; 1.3 in the nodcl room, ant 
1.5 in the marginal re cm. In the afternoon there 
was not much difference in the performance c 
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better 


perfor- 


the afternoon 
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the mo 


r~ 

i.u-* . • 


high-ability 


* o *r> ^ 

JU v»C. a * *Va — •— * 


in the 


afternoon 



m The nodci roc::, moo 1.4 errors* sr.u tr.e mar- 
ginal 1 earner g made 1.1 errors. Tor The low- 
ability 1 earners, the errors increased tremendous- 
ly as you moves from the model to the marginal 
roo::.. 



r*-* 



.n ran oral tne 



T •* ^ •« ^ ^ . / 

W nil. O Ca m % > 's/ _ U. «. C WV 

indications are that learning was ::.cre efficient 
in the rr.occl than in the marginal roc:;., that the 
marginal environment seemed to have a more ad- 
verse effect on the low-ability learner than on 

the high-ability learner. 6 2 
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Plane lias County Enter iment 

There is a dearth of literature regarding tightly 
controlled studies that have actually been connie ted con- 
corning the effect of the thermal environment or. learning. 
The Pinellas County* Plorida, three year study did not 
control the learning experiences to which students were ex- 
posed. Although the Pinellas County study increased our 
knowledge about various aspects of a controlled thermal 
environment, generalizations concerning the effect of a 
model thermal environment on learning can not.be 
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, Press Conference Report, "Two Studies on Thermal 






environment ana Learning, 
December 1963, pp. 22-24. 



American School Board Journal , 
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this particular study. 0 
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Several authors have noted that research measur- 
ing *che effect of thermal environment on learning is needed. 
Concern over tne abac. ice of empirical data on the subject is 



apparent: 
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hincy in his dissertation recognized the problem: 

Research in the area of the affect of the 
thermal environment upon learning has been rather 
limited * ^ 4 

An article in Cyeryi. aw, author not given, said: 



Thermal human comrort is one factor in 
student efficiency. Though research in the area 
is limited, empirical observations bears out 
this statement. We knov; that school room dis- 
comfort breeds inattention, restlessness, and 
poor behavior and results in a lessening of 
mental re tention . 



\ ^ 



ratistical data relating air con- 
ditioning to student efficiency is also needed, 
not only to convince administrators of its 
importance , but because the thermal-condition- 
ing svstem best for a particular school depends 
upon the kind of building, the climate , and the 
students involved. All of these factors must be 
weighed carefully before a thermal- com fort plan 



Fred Stuart ana H.A. Curtis, The Pinellas C ounty Exper - 
iment , Climate Cont rolled Scho ols, Cooperative Research 
Project No^ 1057, AShRAE No. rTj?. 36, 1964. 

Mincy, op. cit. , p. 5. 
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is chosen* As things stand now, 
executive has little to base his air-conditioning 

. . . fit; 

cecisior.s. 00 

The University ox Michigan has conducted some 
'elated research in this area: 



The Department of Architecture ~t the Vni- 
versity of Michigan reports that the University 
is conducting a case study or. lec.rr.inn in win- 
dowless schools at h'&yr.e , Michigan- The study, 
part of a larger research orcject supported by 
grants «.rcn *.he ogucui — cr. recast tree , sects only 
to measure the importance of an outside view’ 
to the learning process. 



The retort states that the lur ~e: 



o u 



% ' ; f no c 

v* sa 4 ^ *(A O 



so xar seen concerned mainly wi tn a search of 
existing literature. The project finds the 
literature says much about* the effect of light , 
heat, air v and sound or. the physical comfort on 
students, but little or. hov? or even whethe* 
physical comforts effect the learning process. 

Usually the question itself provokes the 
suggestion that a certain amount of discomfort 
^e 6ouG.; ’>!(*•. to c. Cc.r . ,.i.ng er. v i ro m en t , 

the report continues. However, so _ar as we can 
discover, no or.c really knows or has ever, tried 
to find out. Ir.cecc uc rir.c precious little 
agreement among educators and psychologists as 
to what constitutes the learning process itself; 
like many other humans, learning has always been 
taken for granted, ar.c is now 7 just beginning to 
be stucied for its own sake. 
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The task of evaluating any school environ- 
ment is admittedly very complex. 66 

Wilson writing under the heading ’’Needs of the 

Time” stated: 




Educators are under greater pressure than 
ever to provide optimum teaching programs for 
gifted, average and retarded students. All this 
at a time when enrollments are increasing fast, 
taxpayer resistance is high and competition for 
teaching talents is keen. The administrator must 
search every avenue for efficient use of his 
instructional staff ? plant facilities, and teach- 
ing aids. Air conditioning can supply the answer 
to many plant problems. 67 

Another reason why the effect of an ideal thermal 
environment for schools needs to be measured is the growing 
use of school buildings during the summer months. Carroll 
and Bareither recognized the trend toward increased use of 
school buildings: 

The educational building of tomorrow must 
be designed for year round comfort conditioning. 

A fast-growing population of school age children 
and education-minded adults means that the 
physical plant will be open many more hours each 
day and continuously through summer months. 68 



, ” Current Study Probes Effects of Windowless 

Teaching,” Audio-Visual Instruction , October 1962, p. 539. 

6 7 

Wilson, o£. cit . , p. C12. 

6 8 

J. Raymond Carroll and Harlan B. Bareither, "Comfort 
Conditioning for Educational Buildings,” American School 
and University , 33rd edition, 1961-62, ClT 
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School systems that do have air condi ticned build- 
ings keep constructing them without the necessary research 
as to their educational value: 

, The advantage of air conditioning is that it 

provides a better environment for the teaching- 
learning process* Communities that have ex- 
perience with air conditioner schools keep 
building them. 6S 

The value of providing controlled ieeal thermal 
environments in school buildings shoulc be for the stucents 1 
benefit: 

Schools and colleges are places of learning. 
The first consideration of their plant design are 
the welfare of the occu pants and improvement cf 
their learning opportunities . 7 ^™ 

A challenge has been given to those in education 

regarding the value of an ideal thermal environment: 

The challenge for education is to pile up 
evidence on the contribution air conditioning 
makes to an efficient learning environment, and 
then to guide architects and . engineers _ toward 
the construction of air-concitionec buildings 
within approved budgets. 7 i 

There are at least two persons, Pena and Thomas, 
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, “The Price of Better School Buildings,” Amer ican 
School and University , 35th edition, 1963, pp. Vz-SO. 

, "Air Conditioning and the Learning Environment," 
Overview, October, 1961, p. 50. 

Ibid. , p. 50. 
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who believe ideal thermal environment 
built: 



schools will not be 



Despite all its virtues, 
will still be considered a 
.nub lie and for many years to 



is easier to put a man on 
condition all our schools. 




air conditioning 
rill” bv the American 
come. Apparently it 
moon than to air 



Summary 



Many statements can be found in literature implying 
that a relationship does W «a»il v.i*0 classroom between an 

ideal thermal environment and students* learning. How- 
ever, the research in the area is too limited to base the 
relationship upon scientific evidence. Apparently judge- 
ments have been mace wholly upon subjective and non-scien- 
tific evidence. This study does contribute to our knowledge 
concerning the effect of environment upon learning. 
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William Pena and -Joe 3* Thomas, ’’Myths and Facts About 
Ventilation,” American School and University , 35th 
edition, 196 3 ,”pl '"42. 
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CHAPTER III 



EXPERIMENTAL PROCEDURES 



AND CONDITIONS 



Purpose of the Chapter 

This chapter presents the experimental procedures 
and conditions that were followed during the course of the 
study. 



Bci sic Procedure 



Briefly the procedures followed in the study were 



as follows: 



1 . 



2 . 



3. 



Twenty- two .-.latched pairs of fifth grade pupils 
were selected from two classrooms. 

A. controlled thermal environment that was con- 
sidered iceui was maintained in one classroom 
ana in a second identical classroom a deviate 
thermal environment was maintained. 

From* each matched pair one student was placed 
in the controlled ideal thermal environment 
and . the other student was placed in the 
deviate thermal environment. 



4. The teaching of selected skills and subject 
areas was closely controlled. The instruction 
m the selected skills and subject areas was 
the same in both classrooms. 



5 . 

6 . 



The 

and 



students* achievement in the 
subject areas was accurately 



selected skill 
measured. 



Statistical tests were computed to measure 
student learning in the controlled ideal class- 
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room thermal environment as compared to stu- 
dent learning in a controlled deviate class- 
room thermal environment. 



4 ime of Year 



The study was conducted for ei;;ht weeks and four 
cays, September 7, 1965, through November 5, 19 05.- Schools 
in Iowa traditionally login the last week in August or the 
rirst week in September. Since the study v:as conducted 
curing ordinarily warm Iowa school months, it was necessary 
to use mechanical cooling units in order tc maintain the 



cesirea iceal thermal classroom environment. 

The study began one week after the Saydel School 
District started their school year and extended for eight 
weeks and four days (approximately one-fourth of a school 
year) . By conducting the study curing this particular 
period, not only was it possible to maintain strict control 
over the desired learning tasks, but it was felt that the 
motivation level of the two groups was more nearly equal at 
this time than at any other time of the school year. 

Student s 



The students that participated in the study were 
fifth grade students of the Saydel School District, Saycel, 
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Iowa. Fifth grade students were chosen for the experiment 
since (1) fourth grace students were used in the first study 
and sixth grade students were used in the second study, (2) 
the students were believed old enough to follow directions 
used in the various tests, (3) the researcher was interested 
in measuring pupil achievement in a concentrated period of 
handwriting lessons at this grade level, and (4) the avail- 
ability of adequate programed science material for this 
Darticular grade. 



Twenty-two matched pairs of students were selected 
for the study. The pairs of students in the two classrooms 
were matched on the following characteristics for this studv 

1. Intelligence - based on the intelligence tests 
previously administered to the students. 

2. Achievement - based cn the results of the Iowa 
Test of Basic Skills. For matching purposes 
the overall composite score, the arithmetic 
composite score, and the spelling score of 
each pupil was used. 

The results of the matching are summarized in 
Table II. This table lists the student number in column 1, 
the intelligence score in column 2, the overall composite 
score of the Iowa Test of Basic Skills in column 3, the 
arithmetic score on the test in column 4, column 5 has the 



students spelling score on the test, column 6 lists the age 
ox the particular student, and the sex of the student is 
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listed in column 7. The remaining column in Table II contains 
information about each guardian 5 s occupation. 

Also shown in Tabic II are the means and standard 
deviations of each of the characteristics or. which the stu- 
dents were matched. The mean intelligence quotient score 
for ’Group A. was 1C 4. 5 and for Croup 3 the mean was 105.2. 

Group A has a mean composite score on the Iowa Test of Basic 
Skills of 3.65. The mean on this test for Group 3 was also 
"3.65. Group A*s mean on the Arithmetic Composite Score on 
the Iowa Test of Basic Shills was 3, S3 and Groan 3’s mean on 



the test 


was 3.65. The remaining 


score used 


fo 


r matching 


purposes 


was the spelling score on 


.C .1. CV/ Cl 


m 

- CO 


: of Basic 


Skills. 


On the spelling score of 


tnG TviS'C ^ 




moan of Group 


A V7as 4. 


01 while Croup B hac a sr.es 


^ ~ ~ o co 

.*4 U- 0 « j o 


on 


the spelling 



section of the Icwa Test. 

3oth Groups A and 3 were subdivic.ee into two 
levels. These two levels v/ere (Da high ability level and 
(2) a low ability level. The students in the two Groups had 
been matched on the previously cited criteria; e.g., In- 
tellegent Quotient Scores and Iowa Test of 3asic Skills 
Scores. Students having the identification numbers one 
through eleven were placed in the high ability level group 
and those students having the identification numbers twelve 
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through twenty-two were placed in the low ability level 



group. 

Selected statistics were computed following the 
placement of the students into the two levels-, xhe groups 
were called the high ability level groups and the low- 
ability level groups. The results of these computations 
are reported in Table III. 

From Table III 5.t can. be seen that the mean in- 
telligence score for the high ability levvii groups was 114.5 
and for the low ability level groups the mean intelligence 
quotient score was S5.2. The mean composite score on the 
Iowa Test of Basic Skills was 4. 02 for the high ability 
level .groups and 3.27 for the lew ability level groups. The 
high ability level groups had a mean score of 3.50 or. the 
arithmetic composite score of the Iowa Test of Basic Skills 
and 3*37 was the mean for the low ability level groups. On 
the spelling score of the test the mean* of the high ability 
level groups was 4.51 while the low level ability groups had 
a mean of 3.47 on the spelling section of the Icwa Test of 
Basic Skills. 



Classrooms 



Through the courtesy and cooperation of the Lennox 
Industries Inc. a Research School was mace available for 
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TABLE III 



GENERAL DATA FOR ABILITY Liv^r S 
GENERAL LATA FOR THE HIGH ABILITY LEVEL CROUPS 
(Identification Numbers One through Eleven) 







Sian 

Kean 

S.D. 



Sum. 

Mean 

S.D. 



Experimental Group - Cro up A 
12. +T3S Arithmetic Spelling 



1241 


44.6 


42.4 


50. C 


112.8 


4.05 


3.85 


4.54 


9.79 


.92 


.S3 
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^ • W V 





Control 


Grout - 


Grout 5 


IQ '■ 


-ITBS A 


ri thrr.cti 


c Spelling 


1277 


43.9 


43.4 


49.3 


116.1 


3.92 


3.9h 


4.43 


8.52 
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1.54 
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TABLE III (con'd) 



GENERAL DATA FOR THE LOW ABILITY LEVEL GROUPS 
(Identification Hu.-r.bers Twelve through Twenty-Two) 

i 



o 









Experimental Croup - Group A 








IQ 


ITBS 


Arithmetic 


Spelling 


Age 




Sum 


1057 


35.7 


37.4 


33.2 


109 




Kean 


96.1 


3.24 


3.v0 


3 .47 


9.9 


>:=6 


S.D. 


4.66 


.61 


.72 


1.30 


.51 


F=5 






Contr 


‘ci Group - Group 3 
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Spelling 
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Sum 


1038 
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33.2 
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chic study. This Research School located in Des Moines, 
low a* is for the specific purpose of finding new* improved 
and economical methods of providing different: -thermal class- 
room environment. 

The floor plan of the school is shown in Figure 1. 

The school has tv?o classrooms. Each classroom has 
exactly the same square feet area (530 square feet). Both 
rooms are identical with one exception; one classroom* s flco: 
to ceiling height is eighteen inches greater than the other 
rocm. In the two previous studies carried out by the State 
University of Iowa the differences in floor to ceiling dis- 
tance had no effect on pupil achievement and consequently 
both classrooms could be treated as though they were ident- 
ical . 

As previously stated, the school was not built for 
the specific purpose of carrying on regular classroom edu- 
cation. However, the school was designed by the architectur- 
al firm of Perkins and Wills of Chicago, Illinois. Both 
classrooms were so designed that each classroom was self- 
contained in all respects. Each room has its ow~ book 
shelves. Located at the rear of each classroom is a pupil 
restroom . 
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Figure I 

FLOOR PLAN OF THE LENNOX RESEARCH SCHOOL 
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Also located at tne rear- of each c las croon is the* 
necessary mechanical equipment thrt is used to maintain the 
desired thermal conditions in either of the two classrooms ♦ 
In addition this area contains the necessary instruments for 
measuring and recording the thermal environment of each 
classroom. 

For the sake of completeness , the "U" Factors of 
the school house are reported: Ceiling and hoof .13; Ex- 

posed Glass i.l3; Exposes Walls .30; Floor East loom .35; 
Floor West loom 1.S0. The t; U If Factor is simply a measure- 
ment of the rate of heat loss in a building. The "U" 

Factors of the Research School are quite normal for school 
house construction in Iowa. 

Lunch was serves by a private catering service; 
however , the students that participated in this study paid 
the same price for their lunch as other Saydel students eat- 
ing the lunch served by the Saydel School District. Each of 
the two groups of srucents involved in this study were 
served lunen in tne nail at the Research School and brought 
the food back to their own classroom for eating. 



D 



Thermal Conditions 



The mechanical units in the Research School were 
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caoable or maintaining ir.e 



desired classroom thermal en- 
vironment • i cr 'tnis sxucy o»»j CiCwSroon n&c- u controlled 
thermal environment that was considered as ideal. In the 
second classroom a deviate thermal environment was maintain- 
ed. At no time duri nfi "uns study T «7^S wi^c thermal environment 
in the deviate thermal classroom the same as that in the 
controlled ideal thermal environment. 

Us in 3 the experience gained in the first two ex- 
periments arm after an extensive review of the literature, 
the following thermal environment was maintained in the 



Ideal Classroom : 



i. 



A V| * • * \ 

«> t*t(. - V V * V« e V. * t* Mm • * Vi • Vi 






f 7C C F. to 7 



’4°F. 



The mechanical equipment in each classroom 
maintained temperature to within a plus 
cr minus one decree of the desired temperature. 

2. humidity was kept between 4C and 65 per cent- 

w . Air movement was in the range of 20 to 40 fpm. 

4. All classroom air v*as filterea through a 
blanket- type fiberglass filter. 

Allowable temperature limits of 70°F. to 74° F. 
were established in the Ideal Classroom; the lower end of 
this range was considered optimum for the heating season and 
the upper range was considered optimum for the cooling sea- 
son. The difference between optimum winter and summer temper- 
atures was based on the results of a study conducted by the 
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American Society of heating and Air-Conditioning ‘engineers. 

This studv indicated that occuaunts wore comfortable at a 
** * 

higher temperature in summer than in winter. 

The thermal conditions of a classroom in the stu- 



dents 1 regular home school were 
the day during the study. This 



as sc rccorcea every noun o: 
classroom was chosen since 



its location correspcnaec to tne rcguiar ncm~ ciassroom or 
the students who were in the deviate thermal classroom for 



tms stucy. -he tncrmu- concatmons oi tne "noma" classroom 
are reported in Appencaw A. 
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4. The teacher of tne deviate* classroom was free 
to open wince ws v turn cn fans, or open acorn 
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Several instruments were used to measure the 
thermal data used in the study. All the measuring instru- 



ments that were used are known to be highly accurate 
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measuring air temperature, r^tiv.. aridity or. 
nent • A Research 2Ir.fir.ccr employee 
•*• * • was ass^nod kO «. .1 c 3 cucv • .»c 

thermal teste and maintair.ee the thermal condlt 
in this study. 

Two Taylor mercurial ahvr/ 
of 2 0 c F . to 120°F. were usee as Cul 
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corcer was calibrated to ar. accuracy c:' cr.e-hali of cr.u 
degree. The recorder printed the thermocouple roacitps in 
multicolor in a cvcle 01 cne reacin^ eve^' *-*/* . r . r , r — 

The chart speed was 
chart were four air tempera 
desk level; one temperature reauan- v.-as teker. in each euad 
rant of the classrooms. Also rocorcec on the cr.ert was a 
cry and wet bu*b reading or rne mechanical psychrcr.eter. 
For every minute between 0200 hours and 1600 hours the 
chart had 12 readings, six for each room. 
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To insure the accuracy of the thermocouple read-* 

ings> the Research Engineer checked the recorder two tir.es 

# 

each day with the Taylor mercurial thermometer • 

The mechanical psychrometer used to measure humid ty 
at the student desk level had a standard wick and gave wet 
and dry bulb readings. One mechanical psy chrome ter was 
located in each classroom. The accuracy of the mechanical 
psychrometers was checkea twice each cay with a slino 
psychrometer. 

A vane-type aner.ometer was used to measure the 

velocity of the air discharged into the classrooms bv the 
f 

mechanical equipment. The air movement at student desk 
level was measured with an Anemo ah err. -Kernel 60 hot wire 
anemometer. This is a thermal-type anemometer and gives 
a direct reading of temperature, velocity and static pres- 
sure* It has an accuracy that is acceptable for most 
laboratory work. 

In the students* homeroom at the Korwcodviile 
Schools a Brown Instruments Thermo Huaidigraph was the in- 
strument used to record temperature and humidity continu- 
ously on a. 24 hour chart. This was a Koael 612X21KL-X-86 
instrument manufactured by the Brown Instruments Division 
of Minneapolis-Honeywell Regulator Company. This instru- 
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ment was capable of recording temperatures from 0°?* to 
100 °F# and of relative humidity from 0 to 100%. 

A thermal condition of the Research School was 
recorded every five seconds of the day during the study 
from 0800 hours through 1600 hours. These recordings were 
of the thermal conditions in the ideal thermal environment 
classroom and in the deviate thermal environment classroom. 
The actual thermal conditions maintained throughout the 
study in both the controlled idec.1 classroom and the deviat< 
classroom as well as the outside temperature ana humidity 
are reported in Table IV for the hours 0SG0 through 1500. 

Each day during the study tne mean tomoerature 
was computed for the ideal thermal environment classroom, 
the deviate thermal environment classroom, and the out- 
side temperature* For this computation the readings re- 
ported in Table IV were used. The results of these compu- 
tations are shown in Figure 2 . 

Selection of the Control and Exnerir.er.tal Groups 

The matched groups were placed in tne control ar.d 
the experimental group by a flip of a coir.. Using this 
procedure. Group A students were placed in the experimental 
classroom and Group B students were placed in the controlled 
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classroom. The experimental group was placed in the class- 
room that had the controlled ideal thermal environment ar.c 
the control group was placed in the class room that hac the 
deviate thermal environment. 
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The specific learning skills and subject areas 
measured for this study were: 



1 . Spelling 

2. Handwriting 

3. Accuracy on an adding machine 

4 • Mathematics problems 

5 • Science 

Four of these skills were selected as they involved 
regular elementary school subjects. Spelling, handwriting, 
mathematics and science are offered in nearly every elemen- 
tary school. Accuracy on an adding machine was included as 
it approximates typewriting as a subject. 

These five skills and subject areas were also 
selected as they involved a variety of learning aptitudes. 

In addition to selecting the skills and subject 
areas for the above reasons, they were selected because 
student achievement in each area could be objectively 



3 



measured. 



The skills and subject areas were “aught by a n 
Iowa certified elementary teacher. The teacher ar.c hur role 
in the study is explained ir. greater cetail later in this 
chapter. All skills and subject areas measured for this 
study were taught by the same teacher and presented to e«.ch 
class in as identical a method as humanly possible, .-.t all 
times the skills anc subject areas were presentee to both 
the control group and the experimental group using an accept- 
ed weaemng method. and subject areas we re pre- 

sented as follows: 

Soellinp - The method used to teach and to test 
spelling achievement was the method currently used at the 
State University of Iowa's Elementary School. Using this 



method the students were given sj>clling lessens 
Wednesday and Friday. Each Monday the students 



Monday , 
were present- 



ed twenty new spelling words. A review of the worcs was 
given on Wednesday. On Friday the students took a test over 
the spelling words. This Friday test score was used for 
measuring spelling achievement. 



In order to insure control of instructional methods 



in both classes, al- spelling instructions to the students 
were given via a tape recorder. 
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The spelling words used in the study were taken 

i 1 

iron*. The New lews Spelling Scale. The words chosen were 
between the 35 percent to 50 percent level of difficulty 
for the fifth grade. After the words were chosen they were 
placed in groups of twenty for each lesson by means of a 
table of random numbers. In order to insure the clarity 
of the tape recordings.,, to tost the word list, and the 
validity of the method of instruction the first three weeks 
lessons were first usee in the State University of Iowa's 
Elementary School in the spring of 1565. These tests were 
conducted with fourth grace pupils. 

A week by week spelling list of the words used in 
this study is presented in Appendix B of this report. 

Kcnc./ritin £ - The handwriting system used for this 
study was the Zaner-Biozer system. This system was chosen 
since it was the method in which the students had previous- 
ly received instruction in the Save el School. Handwriting 
was taught twenty minutes daily curing a four week period 
of x he study, September 13 through October 8. Using the 
Friday handwriting work, each student was given a handwrit- 
ing score. All handwriting was evaluated using Feldt's 



Harry A. Greene, The New Iov;a Spelling Scale , State 
University of Iowa, lSPT. 
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suggestions as stated in "The Reliability of Measures of 

2 

handwriting Quality . " “ 

A copy of the handwriting materials usee in the 

study is presentee ir. Appendix C of this report* 

Accuracy - Accuracy was measured a nr o ugh the use 

of ten-key aiding machines. The machines usee ior this 

study v/ere hand operated Monroe tcr.-key adding machines. 

A representative iron the. Monroe Company gave an oral 

demonstration lesson on the proper u^e of the ten-key 

adding machine to both the control group and the exper- 
• ^ 

Arithmetic problems were given to the students on 
teacher prepared work sheets using the ten-key adding 
machine, liy us.ng the adding machines it was possible to 
compare the students 1 accuracy i.. punching k_ys by comparing 
each student's adding machine tape watf* the problem on the 






worm sneer . 

Students worked on this accuracy skill two periods 
a week, Tuesday ar.d Thursday , for exactly fifteen minutes 
each period during the course of the study. For measuring 
purposes, the first lesson of each week v;as considered a 



Leonard S. Feldt r "The Reliability of Measures of Hand* 
writing," Journal of Educational Fsvchclopv, Vol. 53, 
No. 5, 188*2, "pp. ‘28lf-‘2T2T " 
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dents 1 accuracy is presented in Appendix 1 of This report • 
Mathematics - For the purpose oi this ctuey stu- 
dents* skill in mathematics v?as .measure c by working arith- 
ir.etic problems • Arithmetic problems of the type usually 
used for student drill were uses. 

The problems were nrecent-c to the students on 
» *• 

individual worksheets. The etude. .to „i::.ply worked the 

problems and wrote their answers on the worksheet. The 

* ^ 

students worked on these rathe.:.- tied skills three periods 
a week for exactly fifteen minutes a -ah p erica . The cays 
chosen for this subject were Monday, da ones day ar.a Friday. 
The student’s score vas computed by counting the number of 
correct answers on the Friday worksheet. 

A copy of the worksheets used for measuring stu- 
dents skills in mathematics is presented ir. Anter.cix T of 

♦ «i «» 

"this report. 

Science - All science usee in this study was taugh 
by units ".sing programed learning materials. The programed 
materials used were produced by Cornet Learning Films and 
were the units "How Scientists Think ar.c Work” 3 and "Ycur 






, The VJay a Scientist Thinks , Cornet Instructional 
TTlms, CnTcago T, iTTih c is’ , “T Sfu *v . 
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heart and Circulatory System."** The students were permitted 



to answer the programed materi 
answer in the blank provided. 
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> » w . . to X. W to. • • . w • »U> Wvl • l 



Although a t — « _ 
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of the nature of the prop ranee materials, spprcuimstely 
twenty-five minutes was spent thro* tiv.es a week cn the 



programed science mater - .: Is. 
science programed materials or. 
day. Each student's score teas 
number of correct responses c: 
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It was noticed both b” 



w 
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ers ana by the special teacher that seme of the students 
would look ahead at t . . v v_ . » w .7 c . 'ij ... v ^SO;^r3i.*v.u ,/V/C.. ^ 0 ™ 

fore filling ir. the blara: . In a rear to insure trie could 
not be done, the Iricay lessen v.\.s giver, to the students cn 
a mimeograph ec copy of the lessen. 



to i v«. • - v 
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Reguaar c_ assreo m tea cr.ers employee */V ts.e sayacl 
Schools were used to teach the regular classroom pro gram. 



The skills and subject areas used ir. this stuay , hovjevc 



Ua. 



VAn%-> If f. n p r f' * ^ ~ \ /"* ^ 7 T* 

to WU • • • C V. to u C . • i V. » . . to UUto to. ' 4 • . . VWto itC W totiO l 



, , y>, * ^ • « » « ^ •* 

to. * i O lx Uw WxVi»Uto 



TTlms > Chicago 1, iiIihoTs, 



o . • , 




were “taught by a special teacher* Trias special Teacher was 
a fully certified Iowa elementary teacher. This special 

teacher formerly taught third grace in The Johnston Public' 
Schools* 

4 

The regular classroom teachers were assigned to • 
the control group and the experimental group by the Prin- 
cipal of the Norwoodville Elementary School. The special 
teacher taught all the learning tasks to both the students 
in the controlled ideal thermal environment classroom and 
those in the deviate thermal environment classroom. The 
special teacher was selected by the researcher and the 
Superintendent of Schools of the Saydel School District. 
This teacher was repeatedly told of the necessity to be 
consistent in teaching both groups. All learning tasks 
that were measured xn this stuay were taught to both grouDs 
of students by the same teacher and in the same way. 
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Each week the special teacher rotated the time of 
day each skill and subject area was taught. This was cone 
xn order that each skill and subject area would be taught 
to both the control group and the experimental group at 
the same time of day. For example, if spelling was taught 



at 10:00 a*m* in the control group and at 10:30 a.m. in 
The experimental group, The following week the experimen- 
tal group would have spelling at 10: CO a ,r. . and the control 
group at 10:30 a.m. 

Table V lists the date and time each of the skill, 
and subject areas were taught to the two groups, , 



Keasures of Achievement 



The students * achievement scores were kept curing 
the entire course of the study. The method used to deter- 
mine students* raw scores was explained previously under 
the section entitled Skill and Subject Areas of this chapter. 

Analysis cf Data 



This study was concerned simply with the question: 
o students attending school for a given time period, under 
a controlled thermal environment that is considered ideal, 
do better, on the whole, than students who attend for the 
same period of time under a controlled thermal environment 
that deviates quite markedly from the ideal? The statistical 
null hypothesis that was tested in an attempt to answer this 
question was: the achievement means for a given skill or 



treatment 






subject area are the same for both of these 
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An analysis was carried out using the last week's 
score collected in each skill and subject area in an effort 
to assess possible differences between the two treatment 



•rouos. In addition* each grouo was subdivided into a iow 
ability level and into a high ability level* using the in- 
telligence test scores* in order to test for possible inter- 
action effects - - i.e.. treatment x levels. The statis- 

X 

xical test used for this analysis was an analysis of variance 
(Linccuist Type I) . D 

A second analysis was made in an effort to assess 
possible dissimilarities between the progress (learning) 
curve for the two treatment groups. This test was based on 
performance scores collected weekly over the entire eight 
week and four cay time period; tne time period for hand- 
writing was four weeks . There were nine scores in spelling, 
science, accuracy, and mathematics • Since the subjects in 
the two samples have been matched or paired, a treatment 
(thermal condition) by week analysis of variance was used to 
test for possible differences not only in the overall level 
of the two learning curves, but more particularly in their 



E. ?. Lindquist, Desig n and Anal ysis of Experiments in 
Psvchologv and Education, iloughton Millin' Company I 
LostohT"iT5*(rrp“2*^T3 . 



slopes or patterns - - i.e., particularly to test for pos- 
sible interaction between treatment -roups and trial weekly 

nerfomances. As in the second analysis , the treatment 
* 

groups were subdivided into a low ability level and into 
a high ability level in order to test for possible inter- 
action effects i.e. , trials x treatment x levels. The 

statistical test used for this analysis was an analysis of 
variance (Lindquist Type VI) 



Level cf Sirr.ificance 



A level of significance had to be chosen that 
took into account the consequences of rejecting a true 
hypothesis and that of retaining a false hypothesis. Re- 
jecting a true hypothesis is called a Type I .error; retain- 
ing a false hypothesis as called a Type II Error . Setting 
a very high level of significance would control a Type I 
Error. However , by setting a very high level of signif- 
icance a Type II Error is more likely to occur. Therefore, 
in each experiment the level of significance must be set 
realizing the effects of both a Type I Error and a Type II 
Error. 



® Ibid. , pp. 292-297 
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The results of -axing, a Type II Error 
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study does not appear 
Error. A .01 level of 
a high level of contra 
of significance is rar 



:o he as serious as ::.a:c ::r a 



significance is usually cons 



1 over a Type I Error. A .10 
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Tne purpose or tmc chapter _s to analyse the 
data collected curing the study. The data collects ... were 
the scores of the students on the various skills and sub- 
ject areas. The data were analyses for each of the skill: 



and subject areas separately. Thesw skills an 
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u o , u C t 



areas were spelling, handwriting ., accuracy, mathematics 



.ace to test the hypothesis; 



and science. An analysis was 
there is no difference in pupil learning in a controlled 
ideal thermal environment and 



an a controlled deviate 



. • 



thermal environment. 
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With the exception of handwriting , nine achieve- 
ment scores were collected in each skill and subject area, 
Tour handwriting scores were collected. An achievement 
score was collected weekly for each student in each of the 
skil.s and suspect areas. The mean score for each ^rouo i 
presented in Table VI. 

It can be observed from Table VI there were dif- 
ferences in the means between the experimental group and t 
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control group. now ever, in orcer to tes*. ^ne ny r o u.cs-uj 
was necessary "to cx an i.'.c tn css dii-ercnces ...ore • 

Analysis of variance proccaures were usee to statistically 
test the differences between t.x two groups. 

A3 stated ir. tr.e previous chapter , c.ie*e a— - — 
ferences were examinee using two procedures# *ne xir-t 
procedure reouired tn c test scores is.ee by cm lore., c.. 
tests in the last week* in each skim ana subject area. 

The difference in means between the experimental group &nd 
the control group was tested using the Anu-ysts or Variur.co- 
Type I procedure. 

A second analysis was used ir. an errort to assess 
possible dissimilarities between tr.e progress (-car.—..-,) 
curve for the two groups. This test was basea o.. score* 
collected weekly over the entire time period. t_..ce me 
students in the two groups had been matched, a treatment 
by week by subject analysis of variance procedure was used 
to test for possible differences not onxy in tr.e cvera-i 
level of the two learning groups, but mere particularly in 
their curve, i.e., particularly to test for possible inter- 
action between the two groups. The test usee for tnis 
analysis was the Analysis of Variance - 



* 




Type VI procedure 



S3 



In each analysis both treatment groups were 
divided into a h ign and low ability level using the cri- 
teria previously stated. 

Analysis of Spelling Scores 

Analysis of Variance by Type £ Design 

The means of the scores collected on the last 
spelling list are shewn in Table VII. The analysis of 
variance summary of these date, is presented in Tabic Vila. 

From Table Vila it can be observed that the dif- 
ference in means between the two ability levels was not 
significant. The difference in means between the two treat- 
ment groups was also not significant. 

The interaction effect between treatments and 
levels is shown graphically in Figure 3. This interaction 
was not significant. 

Analysis of Variance bv Tvoe VI Design 

in i.i i d - - w * - — , - — — 

The performance of the students in all the weekly 
spelling trials is reported in Table VIII. Table Villa is 
the analysis of variance summary for the spelling scores 
for all weekly trials. The difference in the mean scores 
for the two groups was not significant. The difference in 
means for the ability levels was also not significant. 
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INTERACTION FOR HANDWRITING SCORES - LAST 
WEEK ONLY 
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/naivsis of Variance by Tv no !_ lesion 

The mean 'scores for the last accuracy trial are 
reported in Table XI. Table Xla contains the analysis of 
variance summary for the scores on the last trial. 

The difference in mean scores for the two groups 
was not significant. The difference in mean scores for 
the two ability levels was also not significant. 

The interaction of treatments x levels was examined, 
The analysis of variance summary table shows this inter- 
action to be not significant. This interaction is illus- 
trated in Figure 7. 
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INTERACTION FOR HANDWRITING SCORES- ALL FOUR WEEKS 
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the low ability level was 22.2. 

The interaction on the last trial of treatments 
x levels was not significant. This interaction is illus- 
trated graphically in Figure 9. 

Analysis of Variance by Type VI Design 

Table XIV contains the mean scores of the math- 
ematics trials for all nine weeks. Table XI Va contains the 
analysis of variance summary of all weekly mathematics 
scores. 

From Table XlVa it can be observed that the dif- 
ference between groups was not significant. 

However, the difference between the high ability 
level and low ability level was significant (F=14.3488). 

The mean for the high ability level was 25.8. The mean for 
the low ability level was 20.4. 

Figure 10 illustrates the curves for the inter- 
actions. The F values of all the interactions were not 
significant. 



Analysis of Science Scores 

Analysis of Variance by Type I Design 

The means received in the science test for the last 
Friday is presented in Table XV. The analysis of variance 
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TABLE XI Va 



ANALYSIS OF VARIANCE SUMMARY 
MATHEMATICS SCORES - ALL NINE WEEKS 



Source 


df 


ms 


F 


(df) 


Between S 


21 


333.8978 






Levels 


1 


2929.1152 


14.3488* 


1,20 


error (b) 


20 


204.1369 






Within S 


374 


55.3594 






Trials 


8 


557.7099 






Treatment 


1 


13.4570 


0.0332 


1,20 


Treat, x Trials 


8 


33.8713 


1.4689 


8,160 


Trials x Levels 


8 


57.8911 






Treat, x Levels 


1 


121.1094 


0.2986 


1,20 


Treat, x Trials x 


Levels 8 


23,3455 


1.0124 


8,160 


Error (w) 


340 • 


44.6685 






Errori(w) 


180 


21.1631 






Error2<w) 


20 


405 . 5904 






ErrorjCw) 


ISO 


23.0587 






Total 


35b 









Fnc » 4.3S 

Fjl * 2.00 



df=l,20 *F Significant 
df*8,160 
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TABLE XV 

GROUP MEANS FOR SCIENCE SCORES - LAST WEEK ONLY 

Treatments x Levels 



Croups 

(Treat.) 


High 

Levels 


Low 

Levels 


Mean 


Exp. 


21.8 


14.5' 


18.2 


Conte 


16.6 


15.4 


16.0 


Means 


19.2 


15.0 


17.1 



TABLE XVa 

ANALYSIS OF VARIANCE SUMMARY 
SCIENCE SCORES - LAST WEEK ONLY 


Source 


df 


ms 


F 


(df) 


Between S 


21 


80.1732 






Levels 


1 


200.8161 


2.7086 


1,20 


error (b) 


20 


74.1409 






Within S 


22 


84.2727 






Treat. 


1 


52.3636 


0.6151 


1.20 


Treat, x Levels 1 


99.0000 


1.1629 


l v 
1,20 


error (w) 


20 


85.1318 






Total 


43 








F os « 4. 35 


df=l,20 


*F Significant 
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summary of the last trial of the science scores is pre- 
sented in Table XVa. The difference in mean scores between 
the experimental group and the control group was not sig- 
nificant, The difference in mean scores between the high 

ability level and the low ability level was also not sig- 
nificant • 

The interaction effect of treatments x levels 
was not statistically significant. This interaction is 
shown graphically in Figure 11, 

Analysis of Variance by Type VI Design 

The means of the nine weekly science scores are 
reported in Table XVI. Table XVIa contains the analysis 
of variance for the scores on all the weekly science 

difference in means between the experimental 
group and the control group was not statistically sig- 
nificant. Also not significant was the difference between 
the ability levels. 

The F value for the interactions (1) treat- 
ments x trials, (2) treatments x levels, and (3) treat- 
ments x trials x levels was not significant. The curves 

of all the weeks, groups, and levels are illustrated in 
Figure 12, 
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t .AP7EE V 



SUMMARY , CON CL: 



.IONS , 



AND 



RECOMMENDATIONS 



This study tested the hypothesis: there is no 



difference in pupil lea 
mai environment and in 
vironment. A .05 level 
all hypotheses. 



V>>* c 

* — 



a contro 



a controlled devi 
of significance 



lied ideal ther- 
ate thermal en- 
was used to test 



•recce ere s 



C 



Through the "o:\nt cooperation of the Say del 



School District, Say del , Iowa, the Lennox Industries Inc. 

and the University of Iowa, the study was conducted using 

the following procedures: 

1. Two matched groups of fifth grade students 

were chosen from the Say del School District. 

Twentv-Two matched pairs of students were 
11 # 

selected for the two groups. The students 
were matched by intelligence test scores, 
achievement test results, sex, age, and 
family background. 



By the flip of a coin one group was desig- 
nated to be the experimental group. The 
second group was designated to be the control 
group.' 



Both the experimental group and the control 
group we re divided into a high ability level 
and a low ability level on the basis of in- 
telligence test scores. The eleven students 




o 
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having the highest inxelligcr.ce xest scores 
in each group were considered high ability 
level and c i 2 ? Gn*i a i.n i n ^ eleven students in 
each group were considered the low ability 
level. 

The Lennox Industries Inc, furnished a two 
r c err. school to ecncuct the study. Both 
classrooms were identical in all relevant 
P* *y w>^.c^i — uo.iCc . 1 ' • ».«*y dasiraole therma 1 

e,w-ror...e,,t ccu^c eo maintained in cither 
classroom.. 

In one classroom, a thermal environment that 
Wciw> lo«.s • uvTCu u o iceax was maintained , 

. j |C ot ^cciuu. co.ic^ cions were established 
after an extensive review of literature and 
cCt.uUl tir.^ wit*, authorities m tnermal en- 
vironment control. The students in the 
ex par imonta* croup were placed in the ideal 
therma 1 envircrjr.ont • 



...n the second classroom a thermal environment 
was interne a that was different than that 

of the ideal thermal environment, This 
second classroom thermal environment was 
callec; deviate.. The students in the control 
grout were placed in the deviate thermal 
environment. 

Bogular Say del School teach ..rj taught the 
students their customary school subjects. A 
ccrtiricc and experienced elementary teacher 
was employee to teach both groups of students 
in . certain selected "skills and subject areas. 
This special teacher taught spelling, hand- 
writing, accuracy, mathematics, and science 
to the students. All instruction in these 
areas was presented using an acceptable 
teaching method, 

* 

In the selected areas all teaching instruction 
to both grouos of students was identical. The 
students in both groups spent the same amount 
of time on each area. In addition, the stu- 
dents performed each task on the same and. 
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or ’..vuas : r. e~ch area were c:-: mined using 
Li2iCv*d..GT - Type VI procedure • 



c,.~. 



u. . . .rv o: 



‘—V ■ ^ 

♦ •••*» •*. odn 



Last Trial 



A gut..". ary or scores cc^*.cc icu ir. The last week is 
presented in *aoie .•. V - - • This taolu c on rains The g.rouo 
neans of the score, for The lose mm ir. each shill and 



subject area and the F value for Thu c 



mmronce ir. me 



Jaeans xor *ne two groups. Tr.e sailny level means ar.c the 
F Value is inclucec. Tao F vtmue for the inreraction 
between levels ana treatments is also presentee in Table 
XVII. It was observed from this tabic that there was no 

significant difference between group means 
for the last trial results. None of the interactions were 
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significant. 

The spelling score -'.cans tor the experimental 
group and the control group were 16.0 and 15. C, respective- 
ly, In handwriting the mean for the experimental grout waj 
74,o and the mean for the control group was 7s. i. Cn the 



means were 2 G . j 


and 2C.4 for the 


groups, rccpecti 


vely. In r.athe- 


entrei rrou’i 


aoovc t:v.t ci 


The mean for the 


ex. v«r mental 


e control group 


it was 25.4. ir, 



science the mean score for the stucents in the experimental 



mean of 16. C. 



control 


group 


acn^evec a 


i"' ^ **’ * -N 

^ v-Un wuu w whU 


ci fierer.ee 


dDj i i Xy 


level 


anc the low 


h , .* — 

L « t v,.;C4 


tics , 


in li.vor of 



the high ability level. The differences in the mem 
scores between the two ability levels were not significant 
in the other skills and subjects. 

All Trials Summary 



:teo in Table 



ihe analysis of all trials is presentee 
XVIII, The means were presented for the high and low abiiitv 
levels and for the experimental and control groups, F 
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values were presented for the differences in means between 

the two ability levels ana for the two groups. The inter- 

» 

action T values for (1) treatments x trials, (2) treatments 
x levels, and (3) trea*fcients x trials x levels are also 
given in the table. 

The means on ail spelling trials were 13.9 for 
the experimental group and 14.0 for the control group. The 
mean for the experimental group and the mean for the control 
group was 74.3' and 73.6, respectively, on all handwriting 
trials. On all accuracy test trials the mean achieved by 
the experimental group was 16.8 and 16.7 for the control 
group. When all trials were considered in mathematics, 
the mean for the experimental group was 23.3 and the mean 
for the control group was 22.9. A mean of 15.7 for all 
trials was achieved by the experimental group in science. 

The control group achieved a mean of 15.0 for all science 
trials. 

None o: the F values for the differences between 
the means of the two groups were statistically significant. 

In two areas statistically significant differences 
were found between the high ability level and the low 
ability level. These two areas were handwriting and 
mathematics. The high ability level students achieved a 
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ncan of 75.3 in all handwriting trials while the low ability 
level students had a mean of 72.6 for the subject. This 
difference was significant at the .05 level, for all 
mathematics trials the high ability level students had a 
mean of 25.8 and the mean for the low ability level stu- 
dents was 20.4. This difference was significant. 

The only interaction that was statistically sig- 
nificant was that between treatments and trials in the 
accuracy tests. 

Conclusions 

The test conducted was of the null hypothesis: 
tnere is no difference between pupil learning in a con- 
trolled ideal thermal environment and in a controlled de- 
viate thermal environment. The results of this study lead 
to an acceptance of this null hypothesis. 

The conclusion reached by this study was that 
student learning is not affected by attending school in a 
controlled ideal thermal environment. 

RecozrjRendations 

At the conclusion of this study, it was evident 
that measuring the effects of thermal environment on learn- 
ing had just begun. Using the experience gained in con- 
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oucting this study the following recommendations are sub- 
mitted as specific areas in which additional research is 
needed: 

Pe comm end a tier. h r o. 1 

Tne next researcher would be well advised to 
duplicate some of the tasks, shills, and subject areas 

that were used in previous studies. Vais would help to 

confirm or reiect the ***-. -n- 

j previous cpudies. It 

r»ay be found that pu*:>il _ . , 

y 1 •« i- a- .ectec by the ther- 

mal environment, rut that our -ci-u'w- -- 

JU ‘ ‘“ u *^*c,.cru tnstru.ncr.ts are 

too cross in sc;. col subjects to ccec* •»*- * 

- tu uewcv-w v4tC ciiierer.ces. 

-nc iir.wr. s of this study contradict, to a 
certain extent, the findings of the first study conducted 
by Dr. Charles :>eccolo. This researcher does not propose 
that one stucy is rirht and the other wrong. A careful 
examination of the two studies will reveal several dis- 
similarities in the procedures in the two studies. 

ga common da t ion ho . 2 

future studies might prove more valuable if con- 

Juctoc over a longer time period than was used in this 
research. 

All individuals associated with this study 
realize that research has only begun to scratch the surface 
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in ir.easunnn efiects of thcraai environment or. pupi 



o • 



Education Is a ion^ term experience, 
tine period is tco short a period ir. 
effect oi an ideal thermal environmer. 



and perhaps a nine week 
which to measure the 

t. 



R e conn e n ca t i on ho. 3 

Future studies ou^ht 
a Department of Home Ec enemies 
of the thermal environment. 



to be conducted jointly v/ith 
to measure nutritional effects 



The private catering service observed that they 

could well wnicn room ;.uu the ideal thermal environment as 

» 

those SwUdents nac r. ear tier appetites. (The same caterers 
had been used in previous studies). 

Re comm er. cation ! : c • 

i ucure GwUuies should maxe an attempt to measure 
the effect of thermal environment on student attitudes 
towara school. 



The teachers involved in this present study 



nowicec that the students in the ideal thermal environment 
were not as restless as the students in the deviate en- 
vironment. 



Recommendation No. 5 

Future research should make a conscious effort to 
involve a greater number of boys and girls covering a wider 



3 



range in socio-economic backgrounds. 



Forty-four boys and girls were involved in the 
current study. By chance, these particular students were 
from a relatively low socio-economic level. 

Re comme nda t i on No . £ 

» 

Future research should be conducted using students 
from all grade levels. 

Recommendation No. 7 

Future research might prove valuable if conducted 
during meteorologically contrasting months of the calendar 
year, (In this stuoy neat ed air was novel* added to the 
ideal classroom while the your.sters were in the classroom). 
Recommendation No . 8 

Further research should be conducted to examine 
the effect of an ideal thermal environment on teacher 
attitudes. (Students involved in this study fallen out a 
form indicating their revel or comfort five times daily. 

This data will be analyzed in a separate report). 
Recommendation No. 9 



Future studies should be continued in order to 
determine if there is a comfort zone at which students do 

learn best. 



Recommendation :. r o 



• :u 

Tuture research ou^ht to be conducted to determine 
if, after an intensive period of physical activity, an 
ideal thermal environment shortens the time necessary for 
a return to usual classroom routine of the students. 
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APPUHDIX A 



(Continued) 



Time 



Dnte 
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APPENDIX B 
SPELLING LESSONS 
FIRST 'WEEK 



1. 


alley 


2. 


choose 


3. 


naked 


4. 


stare 


5. 


escape 


6. 


happiest 


7. 


terms 


8. 


swear 


9. 


aware 


10. 


tocay * s 


*11. 


gentle 


12. 


stunts 


13 . 


abuse 


14. 


population 


15. 


remembered 


16. 


damage 


17. 


threw 


18. 


pity 


19. 


except 


20. 


reduce 




t 
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SECOND WEEK 



1. 


device 


2. 


seek 


3. 


there* s 


4. 


sleeves 


5. 


blankets 


6. 


rare 


7. 


suppose 


8. 


hurried 


9. 


decide 


10. 


crawl 


11. 


treatment 


12. 


decree 


13. 


broac 


14. 


causes 


15. 


sole 


16. 


proof 


17. 


nickel 


18. 


depth 


19. 


insects 


20. 


compare , 





r 
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TKI2D WEEK 



1. 


mistaken 


2. 


consist 


3. 


fetch 


4. 


lease 


5. 


moss 


6. 


artist 


7. 


clerks 


8. 


folk- 


9. 


amusing 


10. 


adjust 


11. 


impress 


12. 


mighty 


13. 


conduct 


15. 


hither 


16. 


cottage 


17. 


bridge 


18. 


double 


19. 


burnt 


20. 


campus 
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FOURTH WEEK 


T 

X • 


mayor 


2. 


worship 


3. 


average 


4. 


headquarter 


i 5# 


watermelon 


6. 


che ckers 


7. 


canal 


8. 


cliff 


9. 

• 


empire 

catalog. 


11. 


peanut 


12. 


noticed 


«. 


abroad 


14. 


tunnel 


15. 


men's 


16 • 


fare 


17. 


quarter 


M 

co 

• 


expected 


19. 


9 

palace 


20. 


oversight 


• 
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rifTi: W ELK 

i 


1. 


furnish ' 


2. 


chamber 


3. 


re cards 


4. 


war.es 


5. 


admire 


6. 


eacer 


7. 


bevond 


8 • 


chasec 


9. 

• 


pas sane 
written 


ii. ■ 


pertaining 


to 

• 


barrel 


' 13. 


distant 


14. 


cor* plain 


15. 


weiph 


16. 


contact 


17. 


steer 


CO 

• 


zebra 


19. 


insult 


20. 


comment 
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SIXTH \<rs. 




1 • grandma • s 

2 • scul 

3 . fitted 

4, shone 

5 • convention 

6, slight 

7, salad 

8, boiler 

9, investment 
10, hov;'s 

3 1 7*\ * * v% o 

J. • a.) Ka a C 

17. hciritn 



xo . ret ten 

14. chalk 

15. addressed 
16 • knit 

17. captain 

18. pumpkin 

19. verses 

20 . 



management 



145 








SKVilWTK WEEK 


1. 


potato 


2. 


brake 


3. 


beautiful 


4. 


wherever 


5. 


dropped 


6. 


requested 


7. 


allow 


8. 


Bible 


s. 

© 10 . 


r cully 
agents 


11. 


afterward . 


12. 


organ 


13. 


comply 


14. 


lying 


15. 


restless 


10 • 


eighth 


17. 


4 

gotten 


18. 


bleeding 


19. 


angel 


20. 


one-half 



• 




ERIC 


• 
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EIGHTH WEEK 


1. 


figure 


2. 


action 


3. 


signal 


4. 


presents 


5. 


breaking 


6. 


problem 


7. 


colored 


8 . 


captured 


9. 

0 10. 


largely 

shade 


11. 


forv.*arded 


12. 


factor 


13. 


scraD 

* 


14. 


liberty 


15. 


bathe 


, 16. 


sane 


17. 


locate 


18. 


journey 


19. 


freshman 


20. 


sentence 



• 


- 


o 

EKLC 





.NINTH WEEK 






1. 


chores 


2. 


useless 


3. 


strain 


4. 


including 


5. 

L 

6 • 


growth 

entertain 


7. 


tracer 


3. 


ofiicers 


9. 

0 10. 


confess 

arrived 


11. 


disaster 


12. 

* 


here ' s 


13. 


wisdom 


14. 


union 


15. 


cellar 


16. 


nee cl e 


17. 


pleasure 


lo . 


telephone 


19. 


crush 


• 

o 

CNI 


bookkeeping 



• 


< 

i 


o 

ERIC 

\ 





t 



14 8 



i 



<r 



appendix c 

HANDWRITING 



FOUR WEEK PROGRAM 



September 13 - 17 



Motivation and Scale Evaluation Characteristics 

Letters 

September 20-24 



or 



Form and Speed 
September 27 - October 1 

Slant and Spacing 



October 4-8 



Size - Line Quality - Eo-evaluation 



'he foilorin. 



paragraph 



usee 



evaluation : 



I live in America, 
have freedom to work and tlav. 

* w 

my country and what it stands 



It is r.ood to live where you 
As an American, I support 
for. 




o 

ERLC 
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APPENDIX D 
ACCURACY 

September 7, 1965 



The Monroe Accinr Machine Company representative 
p.ave a twenty minute demonstration to both the experimental 
and control groups. The demonstration v:as a lesson in the 
proper use of a ten key hand operated addin?, machine. 



o 

ERIC 



ISC 



# 



September 9, 196 



Add 

84 

78 

92 

43 



22 


75 


23 


O J 


r 0 


53 


32 


75 


31 


91 


36 


63 


66 


0 O 

w 


7 n 
• o 


59 


46 


27 


26 


^ /• 
-.0 



67 
* - 
-L 

c o 
%* o 



47 



i 

O 



n 

t 











37 


53 


7' 


f , J 


76 


94 


59 


45 


25 


Cl 


8 C 


r -/ 

o / 


96 


59 


60 


- ') c* 

O KJ 


42 


79 


5 i , 


• . i i 


74 


18 


38 


6 a 


4 3 


39 


70 


» u 


59 


97 


41 


SC 


63 


32 


i-2 


• ▲ 

/ <* 


85 


34 


49 


37 


25 


16 


2‘i 


«. w 

5 3 



Subtract 



81 


113 


417 


5 71 




7 2 3 


7 r, ^ 


-37 


87 


027 

4. U \J 


236 




lu5 




63 


146 


r ^ 

o 2 u 


CCC 




bin 


o i . 2 


2-9 


29 


hOl 

“ a 


417 




o r. 7 




Watch the si^ns 


• 

• 










17 + 


4 = 


32 + 5 = 




57 


*" U - 


b 5 


24 ♦ 


7 = 


59 - 3 = 




75 


+ 6 = 


44 


39 - 


5 = 


38 + 3 = 




85 


i 

fo 

CO 

II 


96 



r\ r 
./ v/ 

lOTT 

X 4. / 



2 /s /s 

2 uc 
9 97 








o in *i> 



September 14 > 1965 



15 1 



1- 62 


327 


653 


573 


‘jit 7 


79 


4C9 


35o 


u » *- 
\J *J sJ 


/ ^ t 


18 


126 


622 


895 


V \> 0 


25 


543 


174 


427 


0 t\ l 

* w> V 


46 


188 


420 


24 7 


* . 

», * « 

v* v* ** 


2- 27 


265 


501 


337 


*» DC 

_ V* sJ 


19 


547 


734 


3 6 4 


j r. 0 

V j.-< O’ 


83 


59C 


H J ^ 


•t 3 3 


23 5 


60 


285 


16 1 


o75 


609 


5£ 


639 


702 




316 


3-87-5 


= 


3c - u - *t 


- 3 ~ 


6S • 


4-60-6 


s 


or - r - 1 1 . 


r. 


70 • 


5-52-9 


= 


71 - 4 = 35 


... <• — • 

• u - 


C 4 . 


6- 91 


679 


" i ~ 

JL • kJ s/ J w 






-73 


337 


~ sS s.) 1 


— L 3 


_ . . o 



4 

6 



1‘ <.4 
{• 4 3 



'>r nr 

« u « v 



7 '.. or 

I u I , 

J ^ l 1 
4 l*j 



o - * 

4 V/ v' 
<*• *. * > *- 



7- 58 
•46 



471 

•143 



126 

-75 



Gf.C 

-321 



n " n 

U v» L, 

-257 



» 4 * t 

U T 

► *> "i ~ P 

4. ^ U V/ 



- ^ o o 

4 • »« 

-f. 2 ~ 



o 

ERIC 
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September 16, 1965 



Subtract : 



1- 4833 2919 

1246 2437 



6534 

2635 



73146 

571,57 



nr rr r 

! Kj *J\ V 

a O * . o 

1 4 ^ w 



2- 1655 

687 



5000 4288 16 270 

2465 1535 8628 



3504 

17?t. 



3- 5018 7188 

4568 3759 



4000 91421 14922 

2152 72394 C1C5 



Add 



1- 

2 - 



3- 



334 


532 


376 


275 


4 08 


286 


378 


817 


552 


-54 


412 


466 


343 


299 


968 


293 


576 


464 


507 


354 


173 


343 


897 


O ^ "i 

SJ 


128 


216 


850 


923 


417 


094 


835 


979 


654 


241 


149 


637 


468 


149 


60 3 


744 


713 


132 


534 


420 


174 


25e 


275 


176 




527 


524 


807 


665 


654 


Of. 'i 


465 


355 


436 


283 


306 






o 

ERIC 

ijfflimffamiaaa 
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September 21, lb 6 5 



Find the missing answers 



34 


S 


28 


64 


3 


95 


r 

* « 


+S 


+46 


+94 


+ S 


+ 72 


-56 


<*• »- 
i »- 

• o 


"57 


"77 




WI 


ThTT 




”hG 



i 




76 


A 


62 


s 


41 


55 


73 


-S 


-15 


-S 


+ 39 


-S 


+S 


+ 57 


“37 


“57 


"17 


m 


"37 


144 





A 


611 


c 

u 


295 


c 

i.. 


537 


-97 


S 


+35‘» 


+ S 


"*■576 


+s 


175 


777 


a 83 


*/o9 


tinr 


776 



915 


A 


582 


973 


L 


-S 


-284 


-379 


O 

• o 


-1S5 


577 


543 




727 


757 



S 


881 


517 


C 

c 


134 


+415 


+ 367 


-S 


+ 234 


+S 


777 




TT7 


717 


471 




1 



154 




September 23 1 1965 



Subtract 



1- 


81 


113 


417 


871 


723 


700 


4000 




-37 


87 


283 


236 


189 


234 


1275 


2- 


63 


146 


626 


600 


814 


582 


2206 




29 


29 


491 


417 


297 


129 


997 


Add 
















3- 


3536 




4715 


148 5 




4382 


3C05 




4658 




7863 


8276 




0644 


056 




1943 




935 


6533 




3000 


274 




2206 




1437 


773 




3579 


3705 




Subtract 

4- 5402 

3665 



5325 

4695 



60001 9C258 

28423 63699 



4367 

2369 



5- 7674 43817 

4837 16325 



60000 259 956 

39753 239 431 



Add 



146 


845 


156 


672 


989 


692 


759 


417 


526 


283 


983 


384 


314 


755 


627 



966 


276 


171 


509 


420 


432 


407 


571 


819 


248 



o 

ERIC 



15S 



September 28, 1985 



Add 



i 




1- 628 


683 


296 


793 


. 957 


499 


807 


534 


455 


C36 


714 


965 


887 


677 


7o 8 


362 


545 


128 


907 


449 


924 


238 


312 


82S 


551 


634 


725 


493 


141 


467 


796 


754 


341 


122 


301 


618 


459 


457 


273 


3 83 


Subtract 


2- 5689 


8793 


3761 


4030 


5549 


3462 


264G 


18S6 


3245 


4* 96 


3306 


3476 


7204 


6458 


4CC0 


1737 


1219 


5244 


5569 


2496 


Find the missing numbers 
18 

+12 + +17 


-15 


-IS 


? t. 

- j.n 


“ 7 ? 


77 77 


"77 


“77 


71 



22 


33 


28 




+ 


+ 


+ 


-28 


77 


77 


77 


77 





156 




r* 

<> 



cpteirber 30, 



1965 



Subtract 







1- 


35488 


58194 


43317 


80000 


32443 




15254 


25475 


24654 


3080 


22578 


2- 


62385 


30000 


68230 


91554 


70002 




47426 


14175 


23631 


23476 


49257 


Add 


3- 


334 


532 


376 


275 


468 




286 


378 


817 


552 


184 




412 


466 


343 


299 


968 




293 


576 


464 


507 


354 


4- 


173 


343 


S *' 7 


301 


128 




216 


85C 


.. o : 
. * > 


417 


624 




835 


579 


r 

w *T 


241 


149 


637 

Subtract 


4 6 w 


4 o 


003 


744 


5- 


86565 


50923 


73873 


C 6 9 2 5 


8060 




67078 


^ 

JJUoO 


3c 98 6 


193 89 


7935 



Add 



6- 


713 


132 


534 




256 


275 


176 




524 


607 


665 




465 


355 


436 



4 86 


176 


146 


527 


894 


993 


283 


306 





157 




October 5, 



1SG5 



Subtract 



5698 9795 7003 

3646 9539 3335 



5864 6542 

4308 965 



3817 9325 5368 

3466 4657 928 



6090 3238 

5265 2899 



Add 




509 

86 

221 

74 

122 

637 



193 

741 

436 

86 

79 

298 



•: .*> . 


35 j 


3689 


857 


29 


545 




4 3 


1331 


52 


O r r> 

4 . Sj 


177 


4C.i 


490 


148 5 


13 5 


427 


3642 



Subtract 



9182 ‘1850 7784 5562 

5898 2866 797 3583 



5000 

2517 



5546 

1448 



9221 7692 6785 

334 7424 3135 



3000 

1353 



8003 

2987 



8926 $52.12 

8171 37.23 



$60.56 

4.46 



$29.61 

19.79 



► erJc 



158 




October 7, 1965 



196 


232 


466 


611 


734 


015 


♦147 


♦ 561 


+123 


♦436 


♦861 


♦ 720 


-205 


-344 


- 377 


-4 1C 


-943 


-306 



Subtract 



2869.45 6000.00 1200.50 6151.55 

984.68 1572.43 489.56 4121.69 



8000. CO 
7039.74 





67148 


29784 


25394 


14570 




25025 


16995 


16875 


13868 


C 


12547 


70034 


80000 


£5136 




10868 


56229 


40259 


53854 



6270C 
28 409 



33959 

17006 



Add 



2217 


3007 


482 


8757 


3453 


3686 


2248 


2850 


574 


3469 



1589 


2669 


1622 


874 


963 


4357 


747 


2396 


1944 


253 



3249 

450 

4477 

1576 

1032 



1032 


3240 


281 


5385 


9691 


764 


569 


2395 


7453 


345 



2516 


3702 


967 


3589 


3945 


1299 


657 


1865 


1438 


2599 



9970 

434 

6447 

668 

8089 





159 



October 12 > 1965 



o 

ERIC 



1 - 



146 

♦232 

-104 



433 
♦ 610 

-573 



732 

♦249 

-467 



611 

♦499 

-762 



71C 
♦ 13b 

-463 



613 
+ 476 



- 10 



2- 19,6-14.7= 



1.82-44= 



454-274= 



3- 500.00-375.39= 



52.8-44.2= 



5.13-2.50= 



4- 


79.0-25.$: 


6.54- 


.58 = 


640. CO-494. 


26= 


5- 


16.18 


36.75 


l‘t.b 2 


u O * W 3 


32.47 




49.00 


79.77 


9.80 


7.54 


v a . 2 o 




56.86 


74.43 


33.55 


a 4 . '> 7 


67.94 




46.05 


5.63 


25.38 


76.54 


31. 04 




47.37 


21.34 


16.66 


3 4.44 


36.39 


6- 


4216 


5572 


4353 


8428 


7413 




-2384 


-4853 


-14S5 


-4360 


-2436 


7- 


3122 


5000 


8528 


8387 


6271 




-1999 


-2327 


—2662 


- 1597 


-5795 


8- 


149 


673 


833 


927 


100 




♦633 


♦ 542 


• ♦esi 


♦433 


+SCC 




-123 


-411 


-504 


-344 


-146 



9 



160 



October 14, 1965 



1 - 


432 
+ 698 


5*1 5 
+499 


984 
+ 236 


412 
+ 378 


o 7 c 

sJ 9 \J 

+ 0G5 




-123 


-162 


-650 


-111 


-407 


2 - 


2407 

-135 


3586 

-803 


1946 

-217 


5687 

-693 


9013 
-4 50 



3 - 7593 


2018 


6874 


3502 


5780 


-5259 


-1893 


-1974 


-467 


-1705 



4 - 1652 


6478 


1549 


3G75 


14527 


789 


749 


429 


7977 


98902 


2203 


4375 


6984 


7443 


3335 5 


937 


343 


262 


56 3 


25382 


756 


310 


677 


2134 


1 6 206 



5 - 


2217 


3007 


1589 


26693 


3 2492 




482 


8757 


1622 


87464 


45629 




3453 


3686 


968 


43571 


44727 




2248 


2850 


747 


23936 


15760 




574 


3469 


1944 


23545 


10323 


6 - 


659 


454 


849 


214 


873 




+ 322 


+ 949 


+ 326 


+ 733 


+565 




-233 


-261 


-506 


-997 


-707 



^ ERIC 



October IS, 



1965 



161 



436 


598 


711 


833 


10 54 
+ 1101 


♦614 


+266 


+ 636 


+ 467 


-406 


-189 


-366 


-674 


-3347 


433 


544 


989 


673 


i> v 


688 


787 


134 


445 




768 


138 


464 


S96 


743 

/» r. ^ 


943 


494 


555 


3h3 


C 


176 


886 


198 


712 


1044 


349 


986 


683 


10 55 


1 1 


+ 688 


+737 


+ 405 


+ 9033 


+ 36 


-404 


-198 


-176 


-0353 


-63 


565 


939 


714 


c-13 


933 


492 


474 


826 


432 


c:i . 


874 


532 


+ 147 


+ 713 


+ 505 


435 

712 


163 

764 


-613 


-414 


COO 


13924 


22183 


46054 


51122 




-8697 


-15613 • 


28669 


-7935 




58334 


35947 




14200 


5 


S138S 


8494 




5234 


3 



o 

ERIC 
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October 21, 1965 



t 




431 


724 


827 


4513 


9218 


420 


904 


6 84 


9754 


2370 


813 


861 


758 


267 


567 


196 


354 


866 


755 


9068 



618 


357 


9419 


4150 


1352 


+896 


+ 883 


+7656 


+ 5241 


+6135 


-565 


-343 


-6073 


-6112 


- 404 



1148 


5085 


3856 


o 6 2 1 


242 


9386 


8375 


7867 


6787 


732 


9989 


7663 


8784 


4278 


6 


4579 


9737 


4979 


6379 


35 


9068 


755 


101 


1010 


21 



' 550 


2734 


8357 


98765 


12381 


-431 


-742 


-3365 


-86444 


-3582 



976 
+ 372 


12455 
+ 8888 


985 

+632 


32033 
+ 9999 


6318 

+3475 


-133 


-7676 


-100 


-8686 


-1123 


6534 

-4667 


7998 

-2722 


8967 

-6822 


75442 

-65578 


8895 

-4845 





163 



t 



October 26, 1965 * 



436 


9062 


~ ~ W 

7677 


6832 


7063 


+ 676 


+ 1783 


+ 1364 


+4232 


+6984 


-143 


-4242 


-1232 


- 838 


- 615 


1323 


9324 


8613 


9499 


7172 


6744 


1363 


4244 


8613 


6343 


8723 


4164 


7361 


4268 


145 


6832 


7464 


8208 


1003 


6876 


7364 


8601 


4345 


4368 


6849 


-1342 


-7698 


-1598 


-2232 


-s909 






444 


561 


732 


7098 


8989 


+686 


434 


+ 868 


-1659 


-6666 




+ 681 








-135 




-5G8 








-323 ' 









793 


8436 


6986 


4341 


7777 


468 


9365 


4368 


9062 


G812 


735 


8060 


5032 


7362 


3276 


904 


4323 


7377 


4089 


4489 



4689 


56898 


46861 


7383 


71012 


-1368 


-23689 


-17893 


-6869 


-66130 



t 




4 



164 




October 28, 1965 



[ 




1- 


7064 


6045 


9056 


8033 


6045 




>3285 


-1587 


-7689 


-3897 


-2796 



2- 


6010 


8010 


7004 


9006 


6007 




-3784 


-5491 


-2929 


-5307 


-4419 



3- 4375 


1264 


2989 


$81,75 


3523 


6098 


4796 


5685 


,59 


2501 


7254 


2798 


2507 


6,43 


2684 


2109 


3887 


6706 


79,87 


4999 


8175 


7987 


2853 


21,09 


5080 



I 



4- 974 




58 


499 




♦ 


+296 


+ 


♦ 


-14 23 


im 


“ICT 


“STS’ 


M7 





5- 


1264 
♦ 4796 


2798 

♦3887 


2969 

+5685 


2507 
♦ 6706 


2853 
♦ 88 




-1030 


-4213 


-6847 


-2931 


-1492 



6- 


13864 

+62932 


84350 

+14683 


76132 

♦13683 


11124 

♦88686 


10321 

♦93201 




-50673 


-63604 


-89815 


-99810 


-62163 




I 



o 

ERIC 
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November 2, 1965 



Watch the signs 



413 


511 


673 


781 


966 


♦ 


♦ 


♦ 






576 


vm 


535 


TCTT 


nrnr 



26S3 


942 


7437 


4633 


92761 


-895 


-573 


-6255 


-2846 


-65970 


3792 


4045 


2 4SC 


6802 


4975 


8631 


8628 


384 


2213 


6105 


1475 


3791 


4275 


3729 


4398 


- 847 


-5070 


• 35 


-4987 


-9865 



57390 


20793 


23653 


18349 


34765 


-34857 


-17621 


-1217 


-2673 


-12786 



32596 


46728 


21479 


64047 


68400 


♦8371 


♦ 1596 


♦ 3521 


-38659 


-62534 



71524 


2730 


9283 


6793 


1625 


37229 


6002 


6513 


6535 


5923 


36272 


2791 


9286 


4786 


4876 


60020 


9703 


9064 


8365 


3774 



o 

ERLC 
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November 4, 1965 



1463 


1684 


7613 


4748 


325 


♦6302 


+4971 


+4414 


+1070 


+ 146 


-4303 


-1309 


-6398 


-681 


-109 



9083 


7365 


m 

5892 


5133 


40580 


-6135 


-4973 


-2475 


-3436 


-7321 



7321 


6748 


325 


5963 


23750 


583 


7659 


0685 


830 


4325 


4932 


85 


3765 


7532 


673 


468 


8500 


7895 


2005 


8967 


-279 


-685 


-854 


-347 


-3425 


+684 


+135 


+968 


+ 1968 


+ 5542 



4132 


875 


12 34 


8077 


4563 


321 


476 


3412 


4675 


2518 


213 


329 


2615 


1352 


224 


121 


8720 


3172 


683 


468 



2653 


942 


7623 


4638 


9276 


-895 


-573 


♦ 492 


-2846 


-6597 



♦1792 +1638 



* erJc 
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APPENDIX E 
KATHEI'-ATICS 
September 8, 1965 



Addition Facts 



You learned IDO addition facts. You should know the 
easy addition facts. Let us se<. if *'cu know 26 of the 
more difficult addition facts. 

Write the answers for these addition sentences. 



o 

ERIC 



8 + 4 = 
4 + 8 = 



7 

3 



♦ 



3 

7 



■ 5 = 

i, + C = 



7 + 5 
5 + 7 



C 



8 + 3 = 
3 + 8 s 

8 + 7 s 
7 + 8 = 



9 

n 



+ 

+ 



3 

9 



7 + 6 
6 + 7 



7 + 4 = 
4 + 7 = 



sj - 



8 + 
j + 8 = 



5 + 6 

6 + 8 



c 

«/ 

4 



+ 

+ 



4 

9 



9 + 5 s 

5 + 9 = 

6 + 6 = 



9 + 6 = 

6 + 9 = 

7 + 7 = 



9 + 7 = 

7 + 9 = 

8 + 3 = 



9 

8 

9 



+ 

+ 



8 = 



o 



c 



67 addend 
+22 addend 
^ 9 8 urn 



In the example, the numbers 
and are addends. 



When two or more numbers are added, 
the answer is called the 



Circle the sign for addition: + - x :• 

Write the addends on the first line and the sum on 
the second line. 

1* Henry sold 42 .papers on Monday and 45 on Tuesday. 
How many newspapers die ne sell in two days? 






2* Dale mowed lavms for neighbors. He earned $3 T 
during June and $43 during July. How much did he earn 
during June and July? 
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September 8, 1965 
Subtraction Tacts 




You learned 100 subtraction facts. You should know the 
easy subtraction facts. Let us see if you know 36 of the 
more difficult facts. 

Write the answers for these subtraction sequences. 



11 


• 


2 


z 


11 


- 


3 


Z 


11 


- 


4 


z 


11 


— 


0 


Z 


11 


- 


9 


z 


11 


- 


8 


= 


11 


- 


7 


= 


11 


- 


6 


- 


12 




3 


r 


12 




4 


z 


T o 

JL 4 


r 


5 


z 


13 




4 




12 


• 


9 


z 


12 


- 


8 


- 


** ') 
4- 


- 


7 


z 


13 


- 


9 


- 


13 




5 


«» 


13 




6 


z 


14 




5 


z 


14 


_ 


6 


- 


13 


- 


8 


z 


13 


• 


7 


= 


; 14 


- 


9 




14 


- 


8 


- — - 


15 




6 


z 


15 




7 


z 


16 




7 


- 


17 




8 




15 


• 


9 




15 


• 


8 


z 


; i6 


- 


9 


z 


’ 17 


- 


3 




12 




6 


2 


14 




7 


z 


16 




8 


• 


18 




9 


= 



847 minuend In the example, the number 

-213 subtrahend is the minuend; the number Is 

remainder the subtrahend. 

When one number is taken from another number, we call 
the answer the . 

Circle the sign for subtraction: + - x * 

Write the minuend on the first line, the subtrahend on 
the second line, and the remainder on the third line. 

1. Charles earned 75 cents during the first week of his 
summer vacation and 50 cents the second week. How much 
more did he earn the first week than the second? 



2. Frank visited the navy yard. Yesterday he saw 36 ships 
and today he saw 57 ships* How many more ships did Frank 
see today than yesterday? 




o 
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September 10, 196b 
Addition of Tens and Ones 



169 






54 = 5 tens 4 ones 
43 = 4 tens 3 ones 
“T 9 tens 7^>nes 
or 
90 

jj = 90 + 7 r 97 



Add the ones. 
4+3=7. 

Add the tens. 
5+4=9. 



Write the addition sentence for the example. 




Put in the missing numbers. Write the sums. 



63 = 


tens 


ones 


74 = 


tens 


crxs 


36 = 


tens 


ones 


30 = 


tens 


ones 



Add. 














48 


86 


73 


82 




64 


53 


31 


53 


45 


2_4 




14 


32 


63 


95 


60 


55 




73 


84 


74 


80 


47 


44 




65 


7£ 


Add 


ones to tens and 


ones. 


Add 


the 


ones. 




74 = 


7 tens 4 ones 




4 + 


5 = 


9. 




5 = 
75 = 


0 tens 5 ones 




Add 


the 


tens. 




7~ tens 9 ones 




7 + 


0 = 


7. 






or 














70 + 9 = 79 




• 








15 


33 


28 


76 




54 


83 


J4 


_5 


_1 


JL 




_3 


6 


65 


2 


11 


3 




91 


5 


_3 


73 


JB 


24 




J 4 


42 



o 

ERLC 
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September 10, 1965 



Column Addition 



Add from the top down. 

To check, add from the bottom up. 



5 

2 7 Think: 7, 14,22,23. 

7 14 

8 22 

1 23 

77 The sum is 23. 



42 Column one. 

31 Think: 2, 3, 5, 8, 

52 Column two. 

63 Think: 4,7,12,18. 
188 The sum is 188. 




Add and check. 

3 16 

8 7 0 

5 2 5 

4 9 8 



9 

3 

2 



7 

4 

0 

6 



3 
6 
2 
1 

4 



5 

8 

0 

7 

3 



9 

1 

6 

7 

0 



4 
2 

5 
8 
3 



9 

1 

4 

0 

7 



8 

9 

4 

0 



6 

5 

2 

9 

8 



21 


45 


57 


72 


55 


43 


32 


81 


90 


83 


80 


62 


50 


63 


31 


60 


71 


21 


76 


20 


41 


94 


93 


9£ 


Add 


across from 


left to right. 


Check 


from right to 


left. 


4 + 


1 + 3 + 22 


6 


+ 1 + 


3 + 4 = 




4 + 


5 + 3 + 6 = 


7 


+ 0 + 


8 + 1 2 ' 




7 + 


8 + 2 + 32 


7 


+ 8 + 


1 + 92 




5 + 


2 + 0 + 62 


0 


+ 0 + 


7 + 52 




2 + 


8 + 9 + 6 = 


8 


+ 4 + 


7 + 6 2 ‘ 
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September 13, 1965 
Addition with Carrying 



1* Mr, Brown planted some trees in his orchard. He 
planted 55 peach trees, 76 apple trees, and 24 pear 
trees. How many trees did he plant? 



2. Mr. Brown counted the apple trees in the first 
three rows of his orchard. He counted 38 trees in 
the first row, 27 trees in the second row, and 46 
trees in the third row. How many trees did he count? 



3. Mr. Brown then counted the peach trees. He 
counted 64 trees in the first row, 75 trees in the 
second row, and 59 trees in the third row. How 
many peach trees did Mr. Brown count? 



Add and 


check. 










68 


77 


86 


27 


39 


18 


89 


76 


39 


69 


45 


36 


56 


69 


76 


15 


28 


27 



53 


25 


20 


88 


87 


97 


74 


82 


17 


34 


64 


35 


66 


49 


68 


50 


73 


70 



6 


80 


65 


90 


88 


7 


81 


6 


75 


48 


60 


57 


35 


44 


2 


5 


4 


70 



ft 
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September 13, IS 6 5 
A Bookstore 



148 



Mrs* xaylor sole 92 books from a shelf containing 
book. How many books remained on the shelf? 



148 books Subtract the ones. 
-92 books Subtract the tens, 
V6 books 5 tens and 6 ones = 



J* ^s. Taylor sold 48 pencils from a box containing 
128 pencils. How many pencils remained to be sold? 



2 . 

How 



Mrs. Taylor had 115 packs of paper and sold 54 packs, 
many packs of paper were left? 



3. Mrs. Taylor bought 135 new books on the first day of 
the month. During the month she sold S5 of them. How 
many books did she have left? 



4. Mrs. Taylor had 124 birthday cards in her store. 
Mary and her classmates bought 31 of them. How many 
birthday cards were left? J 



remaf„eTirthe b TtSre ’ 6 ° f ^ H ° W many advcntu ~ 



t 

o 

ERIC 
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September 15, 1965 



Adeline Three-Place Numbers 



hundreds tens ones 
752 = 7 5 2 

436 =4 36 

TM = IT 8 b 

1100 + 80 + 8 = 1188 



Add the ones. 
2 + 6 = 8 . 

Add the tens. 
5+3=8. 

Add the hundreds. 
7 + 4 = 11. 



V/ rite the addition sentence 



for the example. 



Put in 

645 

634 


the missing numbers. Write the sums, 
hundreds tens ones hundreds tens 

317 

821 


ones 


Write the sums for 


these 


examples. 




45 


61 


30 


45 01 


84 


61 


84 


95 


80 47 


21 


10 


23 


44 


33 60 


73 



421 


624 


704 


345 


210 


134 


350 


154 


421 


367 


541 


113 


131 


213 


312 



451 


652 


840 


741 


524 


406 


314 


126 


541 


351 


341 


723 


233 


215 


502 
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September 15, 1965 
Problems 



1. In Mr. Arnold's store there v;ere 
of the Christmas holidays, he bought 
bicycles dici he have then? 



C3 bicycles, because 
36 more, Low many 



number of bicycles he had. 
number of bicycles he bought. 



number of bicycles he had then. 




2. There are 284 boys and 315 ,-lrls in the Franklin 
School. How many pupils are ti.ere in the Franklin School? 

boys in the Franklin School. 

girls in the Franklin School. 

pupils in the Franklin School. 



3. John spent 20 cents for a coloring book, .12 cents for 
crayons, and 25 cents for a pen. How much did John spend? 

cost of the book. 

cost of the crayons. 

cost of the pen. 

total cost. 




4. Lt. Hess flew 424 miles with his Army airplane. Capt. 
Day flew 450 miles; and Lt. Col. Glenn flew 323 miles. How 
many miles did the three officers fly? 

miles Lt. Hess flew. 

miles Capt. Day flew. 

miles Lt. Col. Glenn flew. 

miles the three officers flew. 
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$3.37 

.21 

6.41 

sinw 



Sc* ter,:.-er 17, 19 b 5 
United Staton 1‘or.ey 



I 



j Oi*<* 



16 



v.c.n «.r. 



"$16.2 5 



7 c 

J_o_\ 



lo.46 

- 1.23 

S77 77 



Be sure to put the dollar sir.n and cents point in each 
answer. 



Add. 

$3.45 $5.61 

4.34 5.36 




$ 6.20 

6.45 



£ 0 
V w • 



50 

40 




$2.31 

1.25 

4.32 



$7.64 

.12 

4.20 



$4.26 

2.42 

5.11 



$ 5.00 

6.74 

.20 



$6.34 

3.15 

5.50 



$6.03 

.83 

8.10 



$7.30 

4.23 

4.03 



$9.24 

.51 

7.00 



$ 0.20 
8 .00 
2.45 



$ 6.21 

3.10 

.45 



Subtract. 



$9.84 $1.75 $6.79 

8.23 .92 4.53 



$3.64 

.33 



$9.00 . 
4.00 



$ 10.00 

6.00 



$12.35 

8.21 



$15.84 

7.32 



$14.75 
9. GO 



$11.54 

5.24 



$18.07 

9.07 



$12.84 

7.00 



$10.27 

9.27 



$10.98 

3.90 



$18.87 

9.35 
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September 17, 19G5 
. Money Problems 



Be sure to put the dollar sipn ana the cents point in 
the answer. Show your work. 



1. Henry bought a baseball outfit for 09.25 and a football 
for $5.10. How much money did he spend? 



2. George has $9.75. He wants to buy a baseball and a bat 
that will cost $3.75. If he buys the baseball and bat, how 
much money will he have left? 



* 



3. Alice bought a dress for $4.25, a pair of shoes for 
$6.00, and a sweater for $5.20. Alice spent 



♦ 



4. Jack worked three days. The first day he earned $4.50, 
the second day $5.00, and the third day $6.25. How much 
did Jack earn in three days? 



5. The pupils in Helen* s class have a saving* s plan. The 
first week they saved $3.5 4, the second week $4.10, and 

the third week $5.35. The girls saved 

in three weeks. 



6. Mr. Davis earned $59.75 in one week. He paid $22.50 
for food. Mr. Davis had left. 



o 

ERIC 
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September 22, 1965 



Kissing Numerals 



Put the missing numerals in each example. 



34 

+ +46 

57 “79 



23 64 

+ 94 + 

T77 



95 

56 .35 

— "77 



76 

"77 



-15 

"77 




+39 





73 

+57 



611 

+ +354 

"977 "TFT 



295 

+ +576 

"7FF "777 



915 

- -284 

"797 "77T 



582 

379 



973 

977 



881 

+415 -367 

"977 



517 

+234 

TT7 "717 





+ 72 
T47 



62 

"T7 



-97 



587 

+ 

"779 



-13 5 

"779 



134 

771 
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September 24, 1065 
Dollars and Cents 



L 




The 


dollar sir.n ( 


0) and 


, the cent 


c point (. 


) arc used in 


v/ritinp 


dollars and 


cents. 


The nar. 


e ; or the 


"cents point" 


is "decimal point." 


It is 


used to 


show parts 


of a dollar. 


Add. 












$16.45 


Add the cents firm*, the c 


5ir.es next. 


and then the 


9.70 


dollars. Always 


beep the 


decimal noints directlv 


$ S $.15 


under each 


other 


:n addir.p 


money. 




$S.G5 


$2.67 




e r > u u 


$8.53 


$0.4 u 


1.25 


8.52 




7.58 


b.40 


6.72 


$17.80 


$26.15 




$13.05 


$44.65 


$16.30 


6.09 


3.90 




7.-.:; 


0.77 


5.80 


$12.75 


$34.45 




$16.80 


$18.03 


$17.00 


26.29 


15.82 




47,33 


4.07 


14.00 



Subtract. 



$14.25 


Subtract the 


cents firs 


t, the dir.es next 


, and then 


6.12 
$ 8.13' 


the dollars, 
point in each 


Write the 
ansv:er. 


dollar sipn and 


the cents 


$5.25 


$6.40 


$4. 6S 


$0.50 


$8 .66 


2.10 


3.20 


2.54 


4.00 


6.46 


$12.75 


$11.60 


$13.78 


$12.70 


$17.80 


4.25 


6.40 


7.50 


5.70 


9.30 


$1.25 


$1.50 


$1.45 


$1.00 


$1.70 ' 


.25 


.70 


.82 


.60 


.90 



# 

o 

, ERIC 
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September 24, 1965 
Huy in p and Celling 



1. Pete went on a two-dav trip v.'ith hir, father. The first 
day he spent $5,35 and the second tiav 0 3,70, How muc h did 
Pete spend on the trip? 



2, Lois spent 09,25 for a pair of shoes and $3,75 for a 
hat. The shoes and hat cost 



3. Russell earned $14,80 the first week in July and $7,50 
the second week, Ke earned more 

the first week than the second*! ‘ “ 




4, Connie had $10,75, Sne spent $9,50 for a puT>pv, How 
much money did she have left? 



5, Hr. Pharo received $8.25 from the sale of black 
raspberries and $6.75 from the sale of red raspberries. 
He received ___ from the sale of the berries. 



6. Lewis wants to save $27.50 for Christmas. He has 
already saved $9.25. How much more must he save? 



Jo «? iar . CG wants to buy a pair of ice skates that cost 
58.25. he has saved $4.65. How much more does Charles 
need to save to pay for the skates? 



♦ 

o 

ERIC 



180 




Se p t ei.'ib er 27, 19 66 
The Kissinf dumber 



In the examples on this pare, the ii stands for a 
missinp number. 



i 




N 


+ 


3 = 


10 


In this numter sentence N 


stands for the 












missinj; number. 






N 


r 


10 


- 3 


To fine: M , v?e subtract. 


0 

1 

CO 

II 

• 




N 


- 


7 




The missing number is 7, 






N 


— 


5 = 


4 


To find h* in this example 


, we add. 




N 


- 


5 + 


4 


5+4=9. 






N 


— 


9 




The missing number is 9. 






N 


+ 


4 = 


7 


>: + 5 = 9 


K + 3 = 


5 


N 


- 






• N = 


A « • 




N 




3 = 


6 


i; - 2 = 7 


; r n ^ 

*4 — D — 


3 


N 








N = 


% » 




5 


+ 


N = 


8 


6 + M = 10 


7 + N = 


12 


N 








N = 


- 




N 




4 = 


9 


N - 5 = 7 


K - 8 = 


7 


N 


* 






K = 


V - 

A < “ 




N 


+ 


6 = 


14 


U -9 = 8 


6 + n = 


15 


N 


= 






K = 


\T . 

a\ “ 




12 


+ N 


= 16 


22 - N = 17 


- 9 = 


11 


N 


* 






K = 


» » w 

A « ** 




N 


+ 


5 = 


28 


N - 3 = 22 


27 + i: 


= 34 


N 








N = 


M = 




N 




9 = 


35 


CO 

it 

II 

i 


38 + N 


= 50 


N 


- 






N = 


II 






o 
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September 27, 1965 



Problems 



Use N in writing the number sentences to solve these 
problems. 



Work Space 

1, There were 34 pupils in a class. Sixteen N + 16* = 34 
of them were boys. How many girls we re in >J = 
the class? 



2. George had 65$. His father pave him 65 + 30 = N 

30$. George now has cents. N = 



■* * * f < 

3. Fiiy had 36 marbles in his bag. 
marbles did Ray have after he Loupht 
marbles? 



iiow many 
43 more 



4. The fifth grade bought 14 new books for 
the room library. There are now 72 books 
in the library. The library hac 
books before the new books were bought • 



5. There are 68 desks in the art room and 
the music room. In the art room there are 
32 desks. There are desks in the 

music room. 



6. The fifth-grade pupils visited the 
museum. Out of a class of 34 pupils, 

8 did not go to the museum. How many 
pupils went to the museum? 



7. Sam sold 35 magazines one day. The next 
day he sold 23 magazines. Sam sold 
magazines in all. 
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September 23, 
Regrouping Tv; ice in 


1 fl f. £, 

J. j U J 

t • 

• u i/ La < . C. v. O ii 




hundreds tens 


? eg routed 

ones hundreds tens o'.wz 


764 = 


7 6 


4 = r. 


] h I *•: 


578 = 
US' 


5 7 


II 

CO 


7 




1 


(> c cr 



By regrouping 764 into 6 hundreds, 15 tens, and 14 ones, 
you can subtract 8 ones from 14 ones and 7 tens from 15 

tens. 



Write an example. Solve 


it. Rerrour. if 

• - 4 . 


necessary'. 


hundreds tens ones 


Re rrc-up 

hundreds tens 


ones 



O 



Solve 


these examples. 






563 


816 


C2C 


327 


178 


347 


258 


267 


1224 


1736 


15C3 


1500 


418 


908 


7 8 6 


327 


2824 


9563 


7985 


a 0 0 4 


1536 


5486 


3995 


5612 


$9.50 


$18.23 


$32.36 


$75.00 


5.73 


9.42 


68.48 


60.7$ 



o 
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September 29, 1965 
Number Sentences 



In the examples on this pace, the \* stands .for the 
missing number. 



N + 24 s 49 
N = 49 - 24 
N = 25 



To find il , we subtract. 

49 - 24 = 25. 

The missinp, number is 25. 



N - 31 s 42 
N = 42 + 31 
N = 73 



To find N in this example, we add. 
42 + 31 = 73. 

The missinc number is 73. 



C 



N + 12 s 


26 


N + 18 s 


24 


N + 17 = 


35 


N - 15 = 


• 

23 


>1 

cn 

rH 

1 


36 


i 

-P 

II 


31 


22 + N = 


39 


33 + N = 


65 


28 + 11 s 


54 


N - 28 = 


67 


N - 34 = 


72 


‘ N - 45 s 


87 



N + 56 = 71 





t 
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October 1 , 1965 
Missing Numerals 



t 



o 

ERIC 



Put the missing numerals in each example* 

34 23 

1 +46 +94 



C4 



+ 72 



95 

-56 



-35 



76 



1 C 

* J. vJ 



62 



+39 

103 



Nickel 

5* 



Dime 

m 



Quarter 

25t 



* if.l X , 



Dollar 

50<r 



1 nickel 
1 dime 
1 dollar 
1 dollar 
1/2 dollar 
50 cents 
70 cents 
300 cents 
4 quarters 
40 cents 



cents 

nickels 

cents 

quarters 

quarters 

quarters 

dimes 

dollars 

dollar 

nickels 



1 dime 
1 quarter 
1 quarter 
1 dollar 
1/2 dollar 
50 cents 
10 cents 
10 G cents 
8 dimes 
8 quarters 



cents 

cents 

nickels 

dimes 

cents 

d ir.'.cs 

dime 

dollar 

cents 

do 11a rs 



$ 2.48 
$ 4.98 
$10.48 
$18.74 
$14.65 



dollars 

dollars 

dollars 

dollars 

dollars 



quarter 


_ dir.es 


cents 


quarters 1 


dimes 


cents 


quarter 


dimes 


cents 


half dollar 


dimes 


cents 


half dollar ’ 


~ dime ~ 


nickel 



185 
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October 4, 1965 
Multiplication with Carrying 



24 

24 24 

X3 24 

77 77 



Multiply the oner., 3 X 4 s 12, 
Write the 2 in ones' place. 

Carry the 1 ten to tens' place. 
Multiply the tens, 3X2=6, 

The 6 tens plus the 1 ten carried 
equal 7 tens. 

Write 7 in tens' place. 

The product is 72, 



The multiplication 
3 X 24 = 72. 



sentence for this 



example is 



The tens and ones can also be multiplied in two separate 
steps. * 

3 X 24 = (3X4) ♦ (3X20) = 12 ♦ 60 = 72. 

Multiply, Check your work carefully. 



26 

5 



47 

2 



28 

3 



35 

4 



19 

3 



18 

2 



79 

2 



57 

5 



36 

3 



19 

4 



56 

2 



14 

3 



45 

2 



44 

3 



48 

5 



37 

3 



30 

4 



46 

2 



67 

4 



68 

3 



59 

4 



56 

5 



27 

2 



Put the missing numerals in each of these sentences. 
4X38= (4 X ) + (4 X )= + 



3 X 45 = (3 X _) ♦ (3 X ) = 

2 X 96 = (2 X ) ♦ (2 X ) = 



♦ 

+ 



29 

5 



5 X 67 * (5 X ) ♦ (5 X ) = 




186 



# 

October 4, 1965 

' ^ 

4 

Problems 



Write the multiplication sentences Tor these problems 
in the work space* 



1. There are 14 boys on each of 4 teams in a s:rall base- 
ball league* HoW.many boys belong to the league? 



2. In order to fit the boys properly with uniforms, each 

team owns 17 uniforms. The 4 teams own 

uniforms* 



3. At 49$ each, what would 3 books cost Ann? 

t 

4. Allen has a stamp book. If 36 stamps fill a page and 
he has 5 pages filled, how many stamps are in his book? 



5. There are 2 pints in 1 quart* How manv pints are 
in 75 quarts? 



6. Charles bought 3 small airplanes. They cost 28$ each 
Charles paid cents for the airplane. 



# 



ERLC 



7. Wilson practices on his trumpet 45 minutes each day. 
How many minutes would he practice in 3 days? 
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October 6, 



1965 



L 




Subtracting with zeros 



1- 300 


500 


700 900 400 


506 


307 


480 


137 


396 


362 425 284 


139 


108 


240 














300 


500 


800 700 $15.50 


$26.00 


$38.04 


$18.00 


76 


45 


92 64 2.50 


13.57 


16.27 


17.75 


Subtract - 


Check 


the remainders 








2- 800 


600 


600 








-135 


246 


236 








Add 












3- 511 




643 


431 




62 3 


215 




512 


728 




750 


193 




383 


648 




738 


765 




$4.25 


$ 7.40 




$ 3.06 


852 




3.12 


3.58 




1.90 


504 




2.98 


2.79 


• 


2.28 


Multiply 












4- 36 


25 


35. 64 S3 


61 


40 


27 


x4 


x2 


x3 x3 xS 


x5 


x3 


x2 



Divide 



5- 2 [7? 3[7T 



♦ 

• > 



o 

• ERLC 



188 




October 8 , 



1965 



Add 



1- 511 


643 


431 


623 


54G 


374 


450 


215 


512 


728 


750 


17 C 


206 


. 325 


193 


388 


468 


738 


245 


262 


604 


623 


611 


113 


612 


122 


3 07 


292 


04.25 


$7.40 


$8.06 


$5.14 


300 


765 


$7.52 


3.12 


3,. 9 8 


1.90 


8.52 


445 


852 


8.33 


2.98 


2i79 


2.28 


6.36 


609 


504 


6.34 










280 


145 


4.25 


Subtract 














2- 962 


841 


757 


472 


375 


993 


865 


-643 


-514 


-238 


-249 


-149 


-728 


-426 




1157 1064 

-743 -532 



1738 

-727 



Find the Missing Number 



43 62 

“T7 TOT 



Multiply 

35 47 

x 6 



+ 53 

H4 



52 

x5 





376 

425 

134 

651 



$4.11 

6.27 

4.35 

9.62 



736 

-317 



1489 

-865 



42 

^37 



44 

x4 
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October 11, 1965 
Borrowing Twice in Subtraction 




Regrouped 

Dollars Dimes Cents Dollars Diir.es Cents 
$6.72 *6.7 2 = 5 . 16 12 

-3.85 *-3.8 5*3.8 5 

57757 2 ; 8 7 

or 

$2.87 

By regrouping $6.72 into 5 dollars, 16 dimes, and 12 
cents, you can subtract 5 cents from 12 cents and 8 dimes 
from 16 dimes. 

Put the missing numbers in each group. Regroup if 
necessary. Write the -answers . 

Regroup 

Dollars Dimes Cents Dollars Dimes Cents 

$5.23 * 

-3.77 * 



$5.48 * 
-4.69 * 



Subtract. 

$7.18 $7.42 

4.29 6.77 



$8.25 

5.66 



$9.37 

6.58 



$37.23 

14.34 



$73.42 

71.88 



$47.27 

34.48 



$87.12 

74.63 



$54.76 $79.23 

12.87 35.27 



$65.34 $98.55 

61.75 95.66 




October 11, 1SG5 
Buying and Sellinr 
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1. Mr. Davis spent $20.50 for a tire, $4.75 for an inner 

tube, and $2.75 for gasoline, i 

How much change should he have received? 



2. Walter earned $33.75 in two months mowing lawns. He 
wants to buy a bicycle that costs $67.50. How much more 
money does he need? 



3. Mrs. Ranck has $9.42. She bought meat lor 01.35, sugar 
for $1.05, juice for $1.36, and flour for $2.48. Her bill 
was • How much money did she have left? 




4. The pupils in Kay*s fourth-^ rade room have a savings 
plan. The first week they saved $4.65, the second week 
$5.28, and the third week $2.95. How much did they save in 
three weeks? 



5. Dick weighs 67 pounds, Hugh weighs 74 pounds, and Don 
weighs 85 pounds. What is the total weight of the boys? 



6. Grace had $25.00. She bought a n ew dress for $9.95, 
new shoes for $0.50, and a new hat for $3.98. Grace had 

left. 

7. Mrs. Foose bought beef for $1.89, pork for 78 cents, 

and bacon for 52 cents. Mrs. Toose spent 

for meat. 
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* 



$5.32 

-3.79 



October 13, 1QG5 



dollars 



Refjroup 

dimes 



pennies 



# 



$7.11 
-3. 65 



$8.06 

-4.39 



46 




77 




32 




34 




98 


-17 




-49 




-23 




-6 6 




-79 


56 


< 


70 




63 




60 




95 


-48 




-53 




-33 




57 




-67 


278 






532 




401 






812 


-109 






366 




-293 






-631 


132 + N s 


562 
















N = 


















Add 


















476 


243 




113 




301 


200 




. ?15 


383 


765 




426 




235 


734 




451 


521 


189 




589 




467 • 


503 




624 


231 


365 




470 




C 17 


820 




300 


845 


406 




554 




700 


742 




900 


126 


$34 




137 




125 


139 




300 


Multiply 
















• 


43 57 




94 


101 




67 


43 


88 


73 


x6 x3 




x4 


x 5 




x5 


Si 


x8 


x 7 



o 
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October 15, 19G5 
V/atch the Zeros 



192 



/i 



Write the number sentences for these problems in the work 
space. 

/ 

1. Lester sold 306 tickets at the baseball game. If 137 
of them were adult tickets , how many tickets were sold to 
pupils? 



2. Earl and Carl together sold 1560 new snarers last week. 

Carl sold 724 of them. Earl sold 

newspapers . 



3. Mr. Lontz planted 700 trees in two orchards. In one 
orchard he planted 450 trees. How many trees die he plant 
in the other orchard? 



4. The Curtin School has 600 pupils and the Jackson School 
has 381 pupils. There are " more pupils 

in the Curtin School than in the Jackson School*. 



5. Sarah attended school 180 days last year. Orace attended 
167 days. Crace attended fewer da vs than 

Sarah. 



6. Mr. Ross sold 905 gallons of gasoline. Mr. Jones sold 
750 gallons. How many more gallons of gasoline did Mr. 
Ross sell than Mr. Jones? 
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October 15, 1065 
Zeros in Subtraction 

Regrouped ‘ 

hundreds tens ones hundreds tens ones 

600 = 6 0 0=5 9 10 

236 = 2 3 6 =2 3 6 

W 3 C ~ 

or 

300 ♦ 60 + 4 = 3 04 

By regrouping 600 into 5 hundreds, 9 tens, end 10 ones, 
you can subtract 6 ones from the 10 ones and 3 tens from 

the 9 tens. 

Put the missing numbers in each exar.ple. l.’rite the re- 
mainders. 

Regroup 

hundreds tens ones hundreds tens ones 

800 = 

135 = 



600 = 
246 = 



Subtract. Check the remainders. 



300 




500 


700 


900 


400 




506 




307 


480 


137 




396 


362 


425 


284 




139 




108 


240 


300 




500 


800 


700 


600 


« 










76 




45 


92 


84 


33 












$15. 


50 


$26, 


,00 


$38.04 


$24 


.50 




$18 


.00 




2. 


50 


13, 


,57 


16.27 


3 


.75 




17 


.75 








October 18* 1965 
Regrouping in Addition 
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965 « 9 hundreds 6 tens 5 ones 

486 s 4 hundreds 8 tens 6 ones 

1 TOT =13 hundreds 14 tens TT" ones 

or 

14 hundreds 5 tens 1 one 

or \ 

1400 ♦ 50 s 14 51 

You regroup the 11 ones into 9 1 ten apd 1 one* Add the 
1 ten to the 14 tens. 14 + 1 s 15. 

You regroup the 15 tens into 1 hundred and 5 tens. Add 
the 1 hundred to the 13 hundreds. 

Put the missing numbers in the example. Regroup the sum 



if necessary. Write 


the sum. v v 






478 = 


hundreds 


tens ones 






254 = 


hundreds 


tens ones 


— 




Add. 


Check your work 


• 


* N' 




511 


&43 


431 


623 


765 


215 


512 


728 


750 


852 


193 


388 


648 


738 v 

V 


504 


546 


374 


450 


376 s 


300 


176 


206 


325 


425 


445 


245 


262 


604 


134 


\ 609 


122 


107 


292 


651 


280 


$4.25 


$7.40 


$8.06 


$5.14 


$7.52 


3.12 


3.98 \ 


1.90 


8.52 


8.33 


2.98 


2.79 


2.28 


6.36 


6.34 



C 

« 

\ 

► 

o 
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October IS, 1965 
Indicating Processes 

On the first line under each problem write an A if you 
add to solve the problems or an S if you subtract? Write 
the answer on the second line* 

1. Ted went to the grocery store for his mother* Ke bought 
a pound of butter for 72 cents and a dozen eggs for 48 cents* 
How much did he pay for both the butter and the eggs? 



2* Ruth wanted to buy a book that cost 95 cents* She had 
only 69 cents* How many more cents did she need? 



3. Caroline has read to page 119 in her history book* The 
book has 268 pages in it* Hov; many more pages does she 
have to read? 



4. Hilda and Stella made sandwiches for a classr picnic. 
They made 38 peanut butter sandwiches and 42 cheese sand- 
wiches* How many sandwiches did they make? 



5. One Sunday morning John took 55 papers to sell* In two 
hours he had sold 46 of them. How many papers did he have 
left to sell? 



6. Helen and Vivian ate lunch at the school cafeteria. 
Helen's lunch cost 36 cents; and Vivian's lunch cost 39 
cents* How much did they pay for both lunches? 



i 
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October 20, 1965 

Subtract 



300 


800 


400 


500 


402 


700 


300 


200 




107 


448 


394 


129 


359 


292 


65 


172 




900 


901 


405 


700 


306 


800 


907 


651 




816 


608 


239 


81 


7 


98 


489 


289 




946 


30S 


955 


967 












79 


268 


256 


469 












/. dd 


















S3 




24$ 




9 




25$ 




86 


14 




30$ 




497 




19$ 




9 


22 




25$ 




298 




43$ 




30 


















27 


433 




544 


989 




673 


646. 




349 


688 




787 


134 




445 


133 




121 


768 




138 


464 




898 


748 




900 


943 




494 


555 




343 


626 




134 


349 




986 




683 




1055 




711 


♦688 




♦ 737 




♦ 405 




♦ 9033 




♦ 636 


-404 




-198 




-176 




-10088 




>366 



♦ 

o 
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October 25, 1965 
Borrowing Tens in Subtraction 



197 



751 * 
423 s 


hundreds 

7 

4 


tens 

5 

2 


ones 

1 

3 


Regrouped 
hundreds tens 
= 7 4 

s 4 2 


ones 

11 

3 


37F 








3 2 

or 


8 










300 ♦ 20 + 3 s 328 





By regrouping 751 into 7 hundreds, 4 tens, and 11 ones, 
you can subtract 3 ones from the 11 ones* 

Put the missing numbers in each example* Regroup if 
necessary* Write the remainders* 



Regroup 

hundreds tens ones hundreds tens ones 

581 = 

423 = 




673 = 

315 = 

Write two examples* Solve each one* 



Write the remainders for these examples* 



962 


841 


757 


472 


375 


643 


514 


238 


249 


149 


993 


865 


736 


688 


556 


728 


426 


317 


239 


329 



9 

o 

ERIC 



October 25, 1965 
Practice in Borrowing 
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4 

Write the number sentences for these problems in the work 
space* 



1. Roy and John received 227 birthday cards. If 100 of 
them were sent to John, how many cards did Roy receive? 



2* Jack and Larry own 316 hens. Jack owns 107 of them. 
Larry oiv?*.;; hens. 



3. Sue and Kay were in the garden. Sue picked 94 flowers 
and Kay picked 85 flowers. How many more flowers did Sue 
pick than fey? 



• 

Mr. Brown had 243 television sets in his warehouse. 
He sold 127 of them. How many sets remained to be sold? 



5. Bess had $1.45 when she went to the store. She spent 
$1.28. Bess had left. 



6. The girls in Mary's class had 224 bags of peanuts to sell 
at a school festival. If they sold 119 bags, how many baps 
of peanuts remained to be sold? 



7. Henry picked 44 tomatoes from his garden. He sold 18 of 
them to Mrs. Jones. Henry had tomatoes left. 



# 



ERiC 
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October 27 t 1965 
Regiouping Twice in Addition 



157 * 1 hundred 5 tens 7 ones 

341 « 3 hundreds 4 tens 1 one 

684 * 6 hundreds 8 tens 4 ones 

1182 « 10 hundreds 17 tens I2""ones 

or 

11 hundreds 8 tens 2 ones 

or 

1100 ♦ 80 ♦ 2 t 1182 

You regroup the 12 ones into 1 ten and 2 ones. Add: 
17 tens ♦ 1 ten = 18 tens. Regroup the 18 tens into 1 
hundred and 8 tens* Add: 10 hundreds + 1 hundred = 

11 hundreds* 



Write an example* Solve the example* 




hundreds tens ones 

hundreds tens ones 



Add and check* 



476 


243 


383 


765 


521 


189 


215 


231 


451 


845 


624 


126 


820 


800 


742 


900 


139 


300 



113 


301 


426 


285 


589 


467 


365 


470 


406 


554 


534 


137 


293 


405 


240 


689 


607 


570 




200 

794 

568 



617 

700 

125 



520 

940 

860 






October 27, 1965 

Addition and Subtraction Problems 



200 






Write the number sentences for these oroblems in the 
work space* ‘ v 

1. One noon 243 pupils in Eisenhower School went to see 
the motion pictures shown in the school. There were 398 
pupils whodid not see the pictures* There were 
pupils in Eisenhower School in all. 



2. The fifth-grade boys of Washington School sold 249 
tickets for their school play. The girls sold 315 tickets. 
The girls and boys sold tickets. 



3. Mr. Howe took moving pictures in two national narks on 
a trip through the West. In one park he used 275 feet of 

film and in the other 355 feet. How many feet of film did 
he use? 




4. During the entire trip Mr. Howe used 580 feet of 
colored film and 590 feet of black and white film. How 
many feet of film did Mr. Howe use? 



5. Mr. Hurff has two steers to sell. One weighs 965 
pounds and the other weighs 848 pounds. The two steers 
weigh pounds. 



6. Mr. Berger bought 575 dozen shirts one month and 345 
dozen the next month. How many dozen shirts did he buy 
in two months? 



o 
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# 

October 29, 1965 



1. 6.14 

-4.09 



4.77 

-.90 



2.03 

- 1.54 



9 . 6 ? 

6.78 



2. 8.56 

-7.89 



6.57 

-6.48 



8.68 

- 8.59 



6.81 

- 6.75 



3. 4.68 

+ 

10.05 



2.26 



1 . 15 



i 



1.45 

T77Z 



4.86 

+ 

5.63 



4. 2.75 

8.45 
S.96 



4.87 

9.55 

3.07 



.06 

7.53 

.89 



8.73 

.17 

9.10 




S. 1.36 
-1.27 

♦4.63 



9.45 

- 9.38 



+ 9.78 



34.50 

- 26.50 

+ 13.98 



17.23 

- 8.29 

+ 8.94 



6 . 



* 



700 

•563 



500 

253 



400 

-390 



7. 



704 

-629 



500 

-417 



8C0 

-72 



8 . 




-482 

“IET 



-79 

wr 



9 . 



30$ 



10 . 



53 

14 

22 



300 955 

“KW 



2 »‘$ 

30$ 

25$ 



•25 9 ♦ 497 ♦ 298 s 

• 19 

.43 




. 



o 
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Novenber 1, 1985 
Ref, rouping in Addition 



202 



# 



45 


s 


4 


tens 


5 


ones 


37 


s 


3 


tens 


7 


ones 


86 

mr 


s 


8 


tens 


G 


ones 


16 8 


s 


15 


tens 


15 


ones 



or 

16 tens ♦ 8 ones 
or 

160 ♦ 8 s 168 

Put the missing numbers 
sums* Regroup if necessary 



Add the ones* 

5 ♦ 7 ♦ 6 « 18. 

Add the tens. 

4 ♦ 3 ♦ 8 • 15. 

Regroup the 18 ones into 
1 ten and 8 ones. Add the 
1 ten to the 15 tens. 

in each example. Write the 



84 

37 

25 



tens ones 
tens ones 
tens ones 



Jo 

29 

36 



tens ones 
tens ones 
tens ones 




Write the 


sums for these 


examples. 






36 

53 

24 


35 

18 

92 


65 

80 

37 


45 

93 

76 


44 

86 

70 


47 

30 

65 


80 

46 

54 


76 

92 

18 


54 

25 

87 


66 

22 

88 



Fill in the missing numerals. 

77 ♦ 48 s (70 ♦ ) ♦ (40 ♦ ) 

= ♦ 



68 ♦ 37 r ( ♦ 8 ) ♦ ( ♦ 7 ) 

= ♦ 



o 
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November 1, 1965 
Problems 



Write the number sentences for these problems in the 
work space. 

1# Fred helps his father sell vegetables at his roadside 
stand. He sold 48 ears of com on Thursday and 56 ears 
on Friday. Fred sold ears of corn in two davs. 



2. Hr. Wilson sowed wheat in three fields. He sowed 18 
bushels in the first field, 26 bushels in the second field, 
and 43 bushels in the third. How many bushels of wheat 
did Mr. Wilson sow? 



3. Alice went to the store for her mother. She bought 
a bag of sugar for 55 cents and a dozen eggs for 49 cents. 
Alice paid for. the sugar and eggs. 



4. Dick joined the Cub Scouts. He paid a fee of 75 cents. 
He bought a Cub Scout neckerchief for 65 cents and a slide 
rule for 15 cents. How much did he spend in all? 



5. The Cub Scout pack to which Dick belongs has four Dens. 
In his Den there are 9 boys. In another Den there are 7, 
in another 6 , and in another 10 • How many boys are in the 
Cub Scout pack? 



6. Mr. Jacobs had 59 ducks. He bought 8 more. He then 
had ducks • 
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November 


3, 1965 






* < 

United States Koney 




$4 ,S4 


In addition, put the 


dollar si^n and 


$14.35 


5.86 


cents point in each 


sum. 


7.46 


610.40 


In subtraction, put 


the dollar sign 


$“6789 




and cents point in each remainder. 




Add and 


check. 






$3.56 


$2.24 


$6.03 


$6.85 


4.35 


8.86 

s 


3.67 


3.87 


$5.23 


$6.32 


$7.28 


$5.48 


2.75 


4.50 


4.63 


7.92 


1.64 


3.94 


1.80 


6.09 


$2.41 


$ .67 


$5.26 


$7.90 


• 38 


9.95 


6.58 


• 85 


4.63 


.18 


.08 


.38 


Subtract 


and check. 






$7.72 


$8.48 


$6.72 


$9.98 


6.49 


7.05 


3.47 


8.74 


$4.95 


$8.43 


$5.06 


$7.54 


2.96 


2.67 


3.28 


4.65 


$10.42 


$8.00 


$12.45 


$9.00 


8.36 


5.42 


9.38 


6.51 



o 
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November 3, 1965 
Dealing with Money 
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Write the number sentence for each problem in the work 
space • 



1. Sue had $3,75 in her savings bank. She put $,65 more 

in her savings bank* Sue has in her savings 

bank* 



2. The fifth grade donated $7*95 to the Junior Fed Cross* 
The fourth grade donated $4.86* How much more did the 
fifth grade donate than the fourth grade? 



3* Russell spent 15$ for a ball, 30$ for a whistle, and 
25$ for a bell* Russell spent in all* 



4. Jerry bought a book for $1*75, some paper for 15$, 
and a notebook for 20$, How much did he spend in all? 



5* William is saving money to buy a new baseball suit* 
He saw one that costs $12*95 and one that costs $9*49* 
William can save _____ _____ by buying the less expensive 

suit* 



6. Terry bought a bicycle tire for $2*49* How much change 
should Terry receive from a 5-dollar bill? 




206 

November 5, 1965 



Subtract 












384 


294 




834 




654 


302 


285 


107 




287 




129 


123 


468 




8500 




200 




' 892 


279 




685 




34 




346 


Add 














8700 


6764 




2624 




3456 


4597 


1056 


9105 




4765 




7831 


6601 


302 


701 




216 




524 


353 


204 


492 




321 




130 


215 


60 


231 




105 




206 


400 


180 


387 




13 2 




400 


604 


Find 


the missing number 










61 


11 


42 










- 


• 


+ 




+ 73 


+ 65 


-17 


17 








T77 


“77 


T77 


44 


65 






73 


100 




• 


• 


+66 




+ 






“77 


TT 


17 






“79 




Subtract and check 


• 










772 




848 






672 




>649 


♦ 


-705 




+ 


-347 


+ 



0 

o 
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